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PEEFACE. 



When I first published this little Manual in 1876, I en- 
deavored to prepare it in such a way that it would prove 
serviceable to the practical as well as the scientific student, 
and for that reason avoided all chemical names as far as 
possible, giving them, when necessary, with the formulae in 
parentheses, and in the Appendix for reference. 

The same arrangement has been retaiaed in the present 
enlarged and revised edition, the success of the first having 
led me to believe that the plan is a good one. 

As I stated in my first preface, the work embodies the 
^jstem of assaying practiced in the School of Mines of 
Columbia College, organized and developed by Prof. C. 
^. Chandler and by G. M. Miller, E. C. H. Day, F. 
l^:tfciME, Jr., T. M. Blossom, E. M., and the author of these 
^o-fces, who have successively had charge of the assay labo- 
'*^*^ory. The system of assay weights employed, was de- 
vi^^d by Prof. Chandler, and will be found superior to 
^^^^ others in use, in the saving of time and calculation. 

The chapters on gold, silver, and iron, are founded on the 
^^^oellent papers published by Mr. Blossom, in the Ameri- 
^*>^ Chemist for 1870, modifications and additions having 
*^^^n made when deemed necessary. Most of the methods 
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given have been tested in the laboratory, and the results 
appended under the head of '^ Remarks ; " much attention 
having been paid to the various details peculiar to the 
West. For the processes for testing and assaying tellu- 
rides, and the cupel furnace for the use of soft coal, I am 
indebted to Mr. W. A. Hooker. Mr. S. G. Sackett and 
Captain C. B. Dahlgren have also favored me with much 
useful information as to Western methods, which will, I 
think, be found useful both in the laboratory and field. 

In the Appendix, the chapter on blowpipe analysis has 
been revised and enlarged, and an outline scheme for the 
assay of ores added, also a number of methods for testing 
gold ores and alloys. 

The advertisements in the back of the book have been 
retained for the purpose of furnishing a guide to those who 
wish to procure assay apparatus, chemicals, etc. ; while 
the lists of apparatus have been revised, prices and esti- 
mates being given. 

PIERRE de p. RICKETTS. 



Assay Laboratory, School of Mines, 
New York, June 1st, 1879. 
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INTRODUCTION. 



Assaying has for its object the deteraiination and extrac* 
tion of the metallic elements from their various compounds. 

The rules are empirical, and a knowledge of chemistry is 
not absolutely necessary, although the assay er will find that 
a familiarity with chemical laws and reactions will greatly 
facilitate his work. The following is a list of the elementary 
bodies with the exception of one or two recently discov- 
ered, and their atomic weights and symbols. An element 
is a body which chemical research has failed to reduce to 
a more simple form, or separate into constituent parts. 
The symbol of an element is generally the first letter or 
letters of its Latin name ; and its atomic weight is the 
smallest amount of that element which will enter into com- 
bination with other elements ; the first column of figures 
being the old and the second the new system of atomic 
weights. Hydrogen is taken as unity in both systems. 
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Table of Elemettts and Atomic Weights. 



Brcmln.,.. 


...B... 


C«lminm.. 


..Cd.. 


CBsium. .. 


...C>.- 


C«Wnm,.. 


..CtL. 


•Carbon,.. 


...c. 





.Cb... 


•Cnpper, .. 


.Cn.. 


Dldyminm,. 


..D.. 


Erhifm,... 


..E.. 


nuorlnc... 


..F.. 



Lithium,.... 
."MaogaucftG 

I'"™- 

|Mo1rbdcnQB 
•Nickel, ... 
NitcoEBn,,.. 

uOimiDm, . . . 

.OiygBii, . . . , 

Palladium,. 

I 

Phafphoru», 



Ruthenium,,, Ki 



Slrontium,. 

Sulphnr, 

Tsntaliim... 
TeUnrinm,. 
Thallium... 
Thorium, . . 



The names of the elements treated in the following pages 
are marked with an asterisk. 

The atomic weights or equivalents have been taken from 
the table prepared by Prof. Chandler, for the use of the 
students of the School of Mines ; in which the latest values 
are given. 
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The various methods for the determination of the metals 

« 

in their compounds may be classed under two heads : 

1 St. " Dry way, ' ' or assaying proper. 

2d. "Wet way," or analysis. 

The first includes all determinations by the direct action 
of heat, the various operations being performed in furnaces. 

The second head embraces the estimation and separation 
of the elements by the action of solvents aided or unaided 
by heat, the use of furnaces not being essential. 

There are many cases, of course, where the first class 
merges into the second, and vice versa. 

It was originally intended to give in the following pages 
only a few concise methods for the estimation of the metals 
in their ores by fire assay ; but, as in many ores the precious 
metals are associated with others which are either of value 
or detriment, and whose determination is often necessary, a 
few schemes for the treatment of such ores in the wet way 
have been added. 

The various operations which may take place in making 
an assay proper, are — 

1st. Preliminary testing of the ore. 

2d. Preparation of the ore, sampling, pulverizing, etc. 

3d. Weighing out the ore and reagents. 

4th. Calcination and roasting. 

6th. Reduction and fusion. 

6th. Distillation and sublimation. 
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7th. Scorification and cupellation. 

8th. Inquartation and parting, including solution. 

9th. Weighing beads and bullion. 

10th. Tabulating results and reporting. 

All of the above will be described further on ; but as some 
of the operations require great care in theh* performance, a 
few rules and hints for the guidance of the beginner may 
not be out of place. 

1st. Sample well and carefully, for without a fair sample 
the assay is useless. 

2d. Weigh carefully, and adjust the balance before 
and after weighing. 

3d. Always weigh an ore before calcining or roasting, 
and always roast thoroughly. If the ore be wet, weigh 
both before and after drying. 

4th. Never fill a crucible or scorifler more than three- 
quarters full, and when a crucible is removed from the fire, 
tap it on the floor to settle the metal, unless otherwise di- 
rected, and keep the same covered. 

5th. To break a crucible, hit with a middle-sized hammer 
near the centre, so as to break off the top at one blow. 
Then lay the bottom on the anvil, and crack it through to 
get the button out whole. Never break .until perfectly 
cold. 

To break a scorifier, lay it bottom up on the anvil ; en- 
circle with the hand, and then strike the bottom. The 
button will generally come out free from slag. 

6th. Never take a scorification or cupellation from the 
furnace to finish at a future time, but complete the opera- 
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tion at once. When buttons are to be scorified or cupelled, 
be sure that they are free from moisture. 

7th. Be certain that all reagents used in an assay are dry 
and pure, especially when testing for the precious metals. 

8th. In reporting results, recollect that a fire assay does 
not always give the exact amount of metal contained, but 
often shows only what the yield of an ore would be in smelt- 
ing, and that the assay of a small piece of ore can not 
represent the value of the bed or vein from which it may 
have been taken, and word your report accordingly. 

9th. Always observe the color and chai'acter of the slag 
produced in an assay, as the nature of the ore treated may 
often be determined in this way. 

10th. Never accept the results of an assay where the 
fusion has been incomplete, the button formed being small 
or brittle. 



BALANCES AND WEIGHTS. 

Four balances will be fouud useful in an assay laborai- 1 
tory. 

«.— A rongli scales for weighing large, samples of ores, 
metals, flaxes in bulk, &c. An ordinary grocer's scale will ,, 
do for this purpose. 

&. — ^A balance for weighing out ore for assay, and the but- J 
tons of the base metals. (l''ig. 1.) This balance shonlc!.! 




take ten ounces in each pan, tarn with one-twentieth ( 
a grain, and be provided with movable pans, level, and set 
screws for adjusting. It is generally placed on a box, ita^m 
nished with a drawer for weights. 

e. — Hanging scales for fluxes. The pans should be ma^ 
of horn, and supported by threads to a brass beam. It should 
carry at least ten ounces, and turn with one-half grain. 
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d. — Thebotton or bullion scale. (Fig. 2.) This iKiIauc*' 
should be used for nothing but gold and silver btvids. or 
bullion, and must be aornrate and extremely senative- 




I When loaded with one gramme, it should turn with one 
one-twentieth of a milligramme, and requires to be han- 
dled with the greatest care. It la provided with steel knife- 
edges, agate bearings, spirit level, and set-screws. 
To Adjust this BAL,i.NOE. — First turn the aet-screwe, two 
pAt a time, until the bubble is in the centre of the level, and 
he balance is firm. Then note the uumbei- of divisions the 
3 indicates on the scale when vibrated, counting from 
fc.e second swing. If it shows equally on both sides of the 
mtre line it is correct. Never leave the i-est down, or raise 
b when the needle is not near the centre line, as the knife- 
fee are likely to be thrown off their bearings and the 
inceinjured. To clean, an artist's blending -brush is very 
mvenient, aa it is soft and fine. 
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FURNACES AND FUELS. 

1st. Furnace fob Calcin- 
ing OR Roasting. — Fig. 3 
represents two sections. 

The lireplace is made shal- 
low ; and, as a high tempera- 
ture is not required, it may be 
made of red brick, or only 
lined with fire-brick, and the 
body of the furnace bound 
with strap-iron. 

It should also have a cast- 
iron top-plate. 

The grate-bars may be in 
one piece or separate, and 
draw out. rhe ash-pit should 
I e provided with a door, 
which may be closed or opened 
m order to regulate the draft. 
A hood of sheet-iron will 
also be found necessary in 
many cases, as the fumes given off in roasting are often in- 
jurious. It IS an excellent plan to have the hood of gal- 
vanized iron to prevent rusting. 

The chimney may be of brick, iron or clay. 
9d. Furnaces fob Fusion or Melting (Figs. 4 and 
4a). — ^These furnaces should be deeper than the preceding 
one, and like it, may be buUt of red brick, but it is better 
to line them with fire brick. 

For heavy work the furnaces should be low, to facilitate 
the lifting in and out of crucibles. Sometimes a crane is 
added for this purpose. 




FURNACKS AW FfFtS. 

The thimney ought to be of brick, 
and the larfe'er and higher it is, the 
stronger the draft. This may be 
regulated by a damper as well as 
by the ash-pit door. 

The tops should 
be of cast-iron, 
and the cover lift 
or slide easily. 
An iron shelf 
can be placed in 
front to hold in- 
got moulds when 
metals are to be 
poured, as shown 
in Fig. 4a, which 
shows in section 
the furnace used 




riO 4 — tcalc H Ini-h lo 

tor deposit melting in the Uiiited States 
mints. 

8d. MUFFLK FUKNACES FuB SCORIFICA- 
TION AXD CUPELLA- 

TioN. Fig. 5 shows 
sections uf a porta 
l)le cupi'l 





Scale M-lndk to tba fool. 



Fig. 4a, — Scale <, Inch to the loot 
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The same furnace may be used for both operations, but 
generally it will be found convenient to have a larger 
mofHe for scorifi- 
cation and higher 
heat. 

The muffles are 
made of refrac- 
tory clay, and in 
one piece ; and 
should be thor- 
oughly dried be- 
fore using. 

The draft of the 
furnace ought to 
b e sufficient t o 
carry off lead 
fumes, which are 
injurious. The 
construction o f 
the furnace will 
vary with the fuel 
used and work to 
be done. 

Fig. 6 shows the 
vertical and hori- 
zontal sections of 
a double muffle 
Fio. 6. scorification fur- 

ecsie ji-tnen to the foot. nacc, for works 

»here a large number of scorifications are required. 

It has been in use in the assay laboratory of the School 
of Mines, New York, for two years, and its value has been 
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proved. The muffles are larger than usual, and can 
diuwn out. 

The whole fnrnace is lined with fire brick, as is indical 
by the fine shading. 

By placing a damper at the top, one-half may be ui 
to the exclusion of the other. 

Fig. (ki ia an assay furnace for the use of soft coal. This 
furnace has the following advantages : tst. Economy of fuel. 
A furnace containing 8xl4-inch muffles may be run for 
eight hours with not more than 100 lbs. of coal. Any fi-ee- 
buming coal may be used (the Cailon City coal of Colorado 
— a lignite — gives very excellent results). 2d. Economy 
construction, Tery few fire brick and other material 
requii'ed, and the furnace may be built, exclusive of stack, 
for irora $25 to $50. 3d. Saving in muffles. The muffle not 
being in contact with the fuel, and subjected only to the 
action of the llame and gases, does not become covered 
with slag, but always remains clean and is easily heated. 
When two muffles are employed, the npper one is suffi- 
ciently hot for cnpellation, but not for scorification. The 
coal should be broken to the size ol the fist, or smaller. 
The muffles are sufficiently hot for charging in from thirtyii 
to sixty minutes after the fire is lighted. The heat 
easily regulated by means of the damper closing t^e 
pit. 

The Fuels employed are coke, anthracite, bituminoi 
coal, and charcoal. Sometimes oil and gas are used f< 
small laboratory furnaces. 

The coke should be about egg size and free from 81 
phur. It is chiefly used in calcining and fusion 
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Charcoal, coke, anthracite, and bituminous coal : 




Elevftilon Section through a. 



u 



Soctloa thMHigb L. M. 



Sectlbii'tliniugli £. F< BectIi>iiUirous& S.H. 



A8BAT PURHACB FOE BURNINQ SOFT COAL. 



HuSIes 8x16 inches. 
Bind with Ix} Inch iron. 

Ash pit sjid coaling hole dosed by sheet iron door, the latter resting on the 
binders. 
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be employed for the muffle furnace. Bituminous coal 
should have, however, a special furnace. (See Fig. 
6a.) 

Anthracite coal, stove size, is best adapted for the assay- 
er's purpose, but charcoal may be used as a substitute for 
either coke or anthracite, when it can be had more cheaply ; 
it gives a hot fire, and is easily regulated ; but requires 
constant attention, and the pieces used should be of me- 
dium size. 

Oil and gas furnaces are used with varying results, but 
the limits of this work will not permit a description of 
them. See "Mitchell's Manual of Practical Assaying," 
pages 71 to 107 inclusive. Also circular of the Buffalo 
Dental Manufacturing Company. 

In lighting a fire it will be found convenient to use 
pieces of cork or corncobs saturated with rosin, which 
bum well, are cheap, and save much trouble, as they give 
no dirt. 

To use, it is only necessary to light a piece and lay it 
upon a little kindling-wood placed in the bottom of the fur- 
nace, then put a few pieces of wood on top and ladd the 
coal after the wood has kindled. 



CRUCIBLES. 

A good crucible should stand sudden changes of tempera- 
ture, be infusible, impermeable, and not attacked by fused 
substances. 

The crucibles in use may be arranged in the following 
order. 

1. Black lead or graphite for fusing metals. 
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2. French clay. 

(Fig. 7.) 




3. Hessian 
sand ci'iiciblea, 
round and tri- 
angular. (Pig. 
8.) 



Fig. a 



FiQ 7. 

4. CharcoaJ-lined crucibles. 

The most refractoty crncibles are cut out of quick lime, 

for can be moulded from magnesia, and chloride of magne- 

bum, but the latter, however, are soft and not very strong. 

The composition of the black lead crucibles is generally 

fcne to seven parts of refractory clay, and three to ten of 

■apliite ; but sand ia sometimes used. If the eruciblea 

ontain too much silicious matter they are liable to be 

LCted upon by the melted charge, or the bases contained 

1 the coal around them, when in the fire. 

These cnicibles run in sizes from 1 to 400. The smallest 

bolding from two to three ounces of metal. The next, four 

3 six, and so on. 

The demand is for two kinds, "steel" and ''brass;" 
at they can be employed for melting all substances which 

i not oxidizing in their action. 
I French crucibles are made of Paris clay and fine sand, 
tad rank among the best, but are more expensive than the 
Hessian. For melting charges which can bepoured, they are 
Uperior as the cnicible can be used again. The sizes run 

1 1 to 20, with covers to match. 
[ The composition of the ordinary Hessian crucible is about 
ree-quarters clay (Gferman), and one-quarter sand. They 
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are round and triangular, and run in rfgular sizes, viz:^ 
Small fives, large do., up to eights. Halves, holding one- 
half gallon, and ones, holding one gallon, with cttvere to 
match. 

The charcoal crucible is made by lining an oi-dinary clajl 
or Hessian crucible with a mixture of charcoal and molassesJl 
The charcoal employed should be very fine, and only just 
enough molasses used to hold it together. The mixture 
is then packed into the crucible as tightly as possible, dried 
slowly, and bored out to any extent desirable. 

Sometimes water and gum ai-e substituted for i 

Fig. 9 represents three kin^ 
f of chai'coal lined crucibles. 



uww 



Alumina crucibles for soM 
operations are very satiafa^ 
Fio- 9- tory when intense heat is i 

quired, but lime will answer as well. 

The choice of a crucible depends upou the nature of f 
substance to be treated in it, the temperatm-e of the 1 
and the time it is to remain exposed to the action of heat. 

If a charge be basic the crucible should be basic also, i 
vice versa. The grain and appearance of the crucible shouj 
be taken into consideration. Much iron wiU render tlj 
crucible fusible. 

To test a crucible for fusibility, heat a piece of the en 
cible and see if the comers are rounded, or if it is fused o 
the edges. 

For corrosive action fuse litharge in the crucible. Fo] 
permeability fill two crucibles with water and note the tin 
i-equired for it to run out, the one which holds the best l 
ing preferable. As a rule, crucibles resist permeation t 
corrosion in the proportion of the fineness and regiilari<| 



of grain, but their tendency to crack is increased in the 
same ratio. 

The action of sudden changes of temperature may be as- 
certained by heating suddenly, and cooling first in air and 
afterwards by plunging in cold water. 
Roasting Dishes, (Pig. 10), and Scoeifiers, (Pig. 11.) 
Both dishes and scori- 
fiers are made of re- 
FiG. 11. fractory clay the same 
Fia. 10. as crucibles. They 

should resist the action of litharge and not be too deep. 
Painting with water and oxide of iron prevents, to some 
extent, the cutting by strong bases. 

Scorifiers may be bought or made, bat as a rule it is 
better to buy them, as they will stand transportation and it 
^ requires some care to 
make good ones. 

A section of a good 
scorifier is uniform in 
character. It is close, 
and should show no 
flaws or cracks. (Fig. 
Fro. lla. 11^"-) 

CUPELS. 
These vessels are generally made of the ashes of burnt 
Ixines, freed from organic matter, ground and washed. 
Horses' or sheep bones are said to be the best. 

It is better to make cupels than to buy them, especially 
when they have to be carried some distance. The prepared 
bone-ash can be obtained in bulk, and is mixed with just 
Bufflcient warm water to cause it to hold together without 
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being moist. Sometimes in mixing the bone-aah a litHi 
wood ashes is added, or a spoonful of "pearl-ash," (car- 
bonate of potash), Ijy dissolving it in the water used for 
moistening the bone-ash. 

Too much bone-ash should not be mixed at once, as it 
diies quickly. 

If the bone-ash is too fine or too coarse it works badly ; 
as in the first case the cnpel will ci'ack upon diying, and in 
the second, be too porous, absorb silver with the litharge 
and occasion loss. 

The cupel is formed by filling and driving the prepared 
bone-ash into a mould made for the pm-pose. 

The right degree of compression should be used, as other- 
wise the cupel wlU be either too hard or too porouS. A 
little experience will tell the operator when he has reached 
^^^ the proper point. When completed it presents the 
Fig. 13. appearance of Fig. 12. 

Care should be used in drying, plenty of time being 
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allowed, and all moisture and organic matter expelled pre- 
vious to using, by heating in a furnace. Sometimes a cupel 
is made of coarse bone-ash, and the surface finished off with 
fine washed material. 

Cupels dried in the sun are better than those dried arti- 
ficially. They are not so liable to crack. 

In the Royal Mint, London, England, an improved form 
of cupel is in use. It is square, with four depressions for 
holding the same number of buttons, enabling the operator 
to run two assays in duplicate in the same cupel. Fig. 12a 
represents the method of making, and the cupel when fin- 
ished. Iron-bound cupels are sometimes used when the 
amount to be cupelled is large, especially in treating 
sweeps. 

LUTES, CEMENTS AND WASHES. 
Good Fire Lutes. 

1. Fire clay, two parts. 
Sharp sand, eight parts. 
Horse dung, one part. 

Mix well and temper the same as mortar, until the de- 
sired consistency is reached. 

2. Fire clay, one part. 
Sand, three parts. 

Mix with a little hair and weak borax water. 

3. Zinc cement. 

Dissolve three per cent, of borax in water to about 1.49 
specific gravity and then add calcined oxide of zinc to suit. 

Other Lutes. 

Plaster of paris mixed with water, milk, glue, or starch 
Water makes a good lute, and will stand a red heat. "Wax 
orparaflSn is useful for bottles, stoppers, etc., also tallow 
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or stearic acid. Faraday's cap cement is made by melting 
together rosin five parts, yellow beeswax one part, and stir- 
ring in one part of red ochre. 

A fine lute for iron vessels is porcelain clay (kaolin) 
mixed with a solution of borax in water. 

A good lute for glass vessels, is quicklime slaked in 
the air and then beaten into a liquid paste with white of 

egg. 

Where corrosive vapors are liable to escape, a lute made 
of fire clay and boiled linseed oil should be applied, and 
covered with slips of linen spread with the lute of lime and 

egg. 
To Line Crucibles. 

Fine sifted charcoal mixed with gum water, borax water, 
or molasses enough to hold when pressed together in the 
hand, without being wet or sticky. It should contain no 
lumps. 

Wash for Crucibles and Scorifiers. 

1st. Finely pulverized chalk and water. 

2d. Sesquioxide of iron (hematite) and water. 



TOOLS. 

The tools required by the assayer are regulated more or 
less by the work to be done. 
The following are the principal : 
Crucible tongs (Fig. 13.) They should be made with long 



Fig. 13. 

handles for taking crucibles out of the fire, etc. 
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Scorification tongs. (Fig. 14.) Tlie spring should not be 



Fig. 14. 

too strong, and the horse shoe part should just fit the 
scorifier. 
Cupel tongs. (Fig. 15.) These should be made of steel 




Fig. 15. 

and about two and one-half feet long with an easy spring. 

Three hammers are useful. One large for hammering 
metal, one medium for breaking crucibles and scorifiers, and 
one small for marking lead buttons. 

A set of small steel dies from to 9 inclusive, and large 
and small alphabet for marking buttons and bullion will be 
found useful, but are not necessary. 

Three pokers are convenient, small, large, and medium. 

One or two small hoes or scrai)ers for cleaning out the 
bottom of the cupel muffle. (Fig. 16.) 



Fig. 16. 

A pair of cutting shears and nippers for cutting wire for 
lead assay, etc. 

A small vise and anvil, medium size, with a suitable 
l)ench for the same. 

Wooden mallets, light and heavy, for packing crucibles, 
xnaking cupels, etc. 

Files and cold chisels for sampling and cutting meials. 
Charcoal saw for blow-pipe charcoal, and crucible tops. 

Two iron mortars and pestles, and if much ore is to be 
"pulverized, a grinding plate and rubber, as shown in Fig. 
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17, will be a great convenience and save labor. The pk^te 

is a flat iron castiscvg 
18x24 inches, and 1 
inch thick. The si 
face nsed being plam 
smooth. The mb b * i or 
or grinder is a piece of 

cast iron, 4x6 inch es 

Fig. 17. sqnare, IJ inches hi 

the middle, by f of an inch thick at the ends ; th ^ns 

giving a slightly convex surface, which should be ti- "Tie 
on the board at all points. To conduct the operati— — on 
place the left hand upon the rubber, throwing the weigi^jrht 
of the body upon it, and then grasping the han^^le 
with the right hand, move the iron rubber back and f ort:::::::^^? 
depressing the handle when pushing forward and raising i* 
in drawing back. For laboratories where large quan_ '^- 
ties of ore are to be pulverized, the size of the plate, a^K^d 
the weight of the rubber should be increased ; but 
ordinary use the dimensions given will be found si 
cient. 

The operation is much more rapid than in the ordinj 
mortar and pestle style, and the manipulator after a litt>^ 
practice has complete control over the ore treated. 

Should it not be convenient to use the plate and rubber ^ 
a long handled pestle coming up to the chest will be fouBt-" 
an improvement, as the mortar can be placed on the floC^ 
and the pestle worked whUe the operator is in a standiim- 
position. 

A series of sieves, from twenty to one hundred mesh, wL 
be useful for sifting ores and fluxes. The box sieve, (Fig 
18), is a simple arrangement, and consists of a round ti 



l)ox with a sieve fitting into it aa 

»'fl^#^ =^^^^^^M represented in the engmving. The 
^ -^^^^^^ sieve is a tin frame with any desired 
^^^- ^^- mesh gauze soldered to it, and fits 

jljghtlj in the box. The advantage gained by its use 
3B that in sifting the pulverized ore there is no dust. The 
'fine material being passed through the sieve is kept from 
flying around. The size most convenient ia 8 inches in di- 
P ameter, the box 2 inches deep, and the rim of the sieve 2 
^HSnches, fitting about | inch into the box, A tin cover can 
^H^ placed over the whole. 

^^^ Open and closed ingot moulds for casting lead and silver 
bars, ingots, etc. 

Hand biitton-roUa for gold and silver only, 
Tlipy should be kept covei-ed and, free fram 
dust. 

Cupel mould, (Fig. 19.) Tliis consists of 
two pai-ts, an iron ring and a steel pestle or 
Yi^^ 19 — diiver, jnst fitting into the ring. 
A mould for pouring the assay cliarge in scorification. 
(Fig, 20.) This should be of heavy sheet 
iron or copper. It saves much time, and 
by employing it, the scorifiers can be 
■^ used again. Larger moulds of the same 
style wU] be found convenient for pour- 
ing cracible charges, but are not neces- 
sary, unless cnicibles are scarce. 

Shovels for coke and coal, and a small 
hatchet for splitting kindling wood. 
The coke shovel should be ribbed or 
perfoi-ated so that the fine coke or dust 
may fall through. 
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Mixing scoops of Bnssia sheet iron 3J by five i 
with straight sides and back about | inch high. They 
convenient for mixing lead or silver crucible chaiges in, an 
owing to the high finish of the iron, the assay on bei 
poured out does not cling to the scoop, a few sharp tap^ 
detaching everything. 

A tin sampler, shown in Fig. 21. will b^ 
found very useful. It consists of a seriess- 
Fig. 21. ^' troughs arranged in a 1*0 w and fasten 
together at equal distances by a tin strip soldered on the 
ends. A shovel full of ore emptied by a series of shafc 
upon them, is just half caught by the troughs ; one-ha! 
going through the openings between. By repeating tUL 
operation, the size of the sample can be reduced to any e:^ 
tent desired. 

A laboratory desk, as shown in Figs. 22 and 23, will l> 

D 
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Fig. 2->. Sc .iou. 
Scalu V» iuch to the foot. 



Fig. 23. Elevation. 
Scale ^ inch to the foot. 
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f oxind a very suitable and compact arrangement. It con- 
sists of four parts, shelves for bottles, closet for ore- 
socles, drawer for cupels and apparatus, and double closet 
f oir crucibles, scorifiers, etc. Tlie illustrations being made to 
a, scale, the desk can be constructed from them without 
trouble. 

This style of desk has been in use in the School of 
Mlixies, New York, for some years, and has been found 
XTLost convenient. The lower closet should be provided with 
a slielf and the drawer with partitions. If gas can be had, 
each desk in a laboratory should have a burner above for 
ligliting purposes, and two or three large jets to which rub- 
ber tubes can be fastened so that Bunsen burners can be 
employed on the desk. These jets are best placed next the 
scale closet. 



APPARATUS. 

The amount and kind of apparatus required by the 
^'Ssayer varies, but the following list will be found about all 
"tlxu,t will be needed for ordinary work : 

-About three dozen quart bottles for reagents, glass stop- 
pered. One dozen glass-stoppered parting bottles, for bul- 
lion assay. Eight oz. is a good size. The stoppers should 
l^e square-topped and fit exactly, so that the bottles will 
^ot leak when shaken. 

An assortment of corked bottles of different sizes for 
s^itiples. 

Two or three ring stands and the same number of Bunsen 
tuxners or alcohol lamps. The former are preferable, if 
gB-s can be had, and should be provided with two or three 
feet of rubber tubing for each burner. 
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Two wash bottles, one small and one laige, say one-ha-^i 
pint and quart. 

One half-dozen horn spatulas or spoons for mixing oi^^-^. 
Some iron pans for roasting. The ordinary long handl^^ai 
frying pan is suitable, and should be about the size of tHBie 
furnace top. Before roasting it should be lined with chalZZlk 
or oxide of iron. One dozen parting flasks, (Fig. 2^^^,) 

for gold bullion assay; also anne al ir -S g 
cups for the same purpose. These are — of 
clay and made thin, (Fig. 25.) 
Brushes for ores and fluxes made -*^f 
FiG™^ Fig. 25. camel' s hair ; a large feather trimm^ ^, 
makes an excellent substitute. 

A few dozen sheets of glazed paper, or stout maml 
paper when glazed paper cannot be had, for mixing o 
upon. Black is preferable, and when held up to the ligli^'*^ 
there should be no holes. 

Hessian and French crucibles and covers of various siz' 
and shapes. 

Scorifiers, large and small. 

Scorification and cupel muffles to suit furnaces. 

Cupels from f to li inches in diameter. 

These should always weigh more than the button to 
cupelled. 

Glass beakers and rods. Funnels for filtering. G 
labels, note book, towels, large and small porcelain mortal' 
balances, scales and weights, as have been described. 

For volumetric work, silver bullion, etc., graduat^^ 
flasks, pipettes and burettes, will also be necessary. S^^^ 
bullion assay, page 112. 

Should the assayer wish to be prepared for all kinds ^:^^ 
work, it would be well for him to provide himself with 
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complete 3isr oi t •lii*' hbl iL;:GaLniTis srr'^a. a. vsisrt^ Z^r 
and 19L ApjieridiK- :tr ui isuf?: u. atiLiziJL i: Ui^ i-racit?*' 
which have bt«ii descn:»**L v±i irriL. ^inj aoic pit^sf- re- 
torts, agate iDonatr Jtzsff-^ .hh- c tv. 2**'^*'^^™^^ 'TTi'aSi^ 
and dishesL sad a f*;»TiT»i*- cc Z»LJi?i*a ';n-r;-^r' '--^lir Tii*- 
prices of the Tari'iott tzTD'iit* l^ xt^-hi. jl tiir L<i ••' liiai 
an esdmate can ht uatitt .if tiir ^ir.»":jaiiat: " rC .: isU.rriijr 
au assav labciizai'iicx. 



«e may lie drrid*fi im: att^-tsL 'Ss^^sfa^.. 
^- Redncinz- T:- *^*>* 'riL*?* ••^ »iir rij •*«- '••rjj^ t>i iij'L 
the jwj'wt-T :f thej ■'"iiL: "i:*^ 1: »il .".* •■ lIll'^ila.•j'»Il*^. 
^- OxidiyfTig. ATI ':».»i>^ vLj-l z:'^ i: r; irr-^ v.;tL 
*aoilitT. 

^^Itich possess a <:t ziz 'cStilrj i c ^—Ti '-•. izii v. -'_ 'u^' 'a'jj- 
P^^^^e its comi":»Tiii*i? iniir::^: 'L- Si-*j -l f zj*?-*.* .• Jj. v.. .\'o:j. 

^- SulphmiziiiZ- ^-ilTii:: izmL -li-i -f >- * '.'ly.-.r.d- a-j 
S'^'^e up their suli Liir ratsZ j "^> 'i- *->^ 2i:*j 'L ' f *>-;-•. ;>frss ♦ *jj^ 
^^ in soluticiiL 

^- Flnxes. UndeT tli^ LrsaL tt*: iii'-uiir i. -^z;:*- 'i^j-- of 
^^^^es, but geaffT&Ej iVy sj*- «L.''>caii' -^ ^hyh /^rj^l^r 
^^Ixers to which tikej iLr*: s»is^ iiK^r*: J ufeb> : eith^rr by 
^^ ting as a solveiLT vr l* sl i-^-'^r^jrv-'j^r fe;:*fr.T. Kiujc^ are 

•/I Solrents include *-l -•-■:!- v:,>:, ir»: use^j j.^ *;.e 'A>rt 
^^y onlT. Such as di-!=:il:rri vi.t>r. r:>r>;. ru-;/h'>rI': ar.d 
^hydrochloric acids. eT<-. 

y. Precipitants in rise -w^ Tr^r, A«; *he feaJt Vyiurion 
^^sed in the bullion aiiH&r. 

The following are the ynz^'iysc\ rea^^eritis and cLemicaLs 
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employed by the assayer in his work. There are, however, 
many others which might be used, but they can all be 
classed under the heads just given. 

Dry Bicarbonate of Soda (sodic bicarbonate, Na HCOa) 
or the corresponding potash salt. These act as desulphur- 
izing agents, and in some cases as oxidizing agents. The 
latter action is dae to the carbonic acid contained. Some- 
times they act as basic fluxes. 

They should be free from moisture and lumps. On. 
account of their easy fusibility they can retain in suspen- 
sion, without losing their fluidity, a large proportion of 
finely powdered infusible substances. 

Litharge (PbO), is a basic flux, oxidizing and desul- 
phurizing agent, and supplies the lead in the gold and. 
silver crucible assay. It should be dry, and free from red- 
oxide of lead, as the latter has the power of oxidizing" 
silver, and thus causing loss of that metal during the assay. 
To free litharge from the red oxide, fuse the same in a, 
crucible, and pour the mass into a cold ingot-mould, keep- 
ing it from the air while cooling. All litharge before using- 
should be well sampled, and assayed for silver. To do this, 
charge in a crucible — 

Litharge 4 A.T. 

Soda 2 " 

Charcoal 0.7 gm. 

and cover with a layer of dried salt, one-quarter of an. 
inch thick. Fuse in a hot fire until completely liquid, theiL 
withdraw, and proceed as in the assay of a silver ore (p. 71). 
White lead (carbonate of lead — plumbic carbonate, PbCOs)^ 
is sometimes employed instead of litharge ; also, acetate off 
lead for delicate experiments. 
Borax, Crystallized (SNaBOa.BgOa.lOHgO). — This acts 
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s an acid flux ; but, on account oE tlie water contained, 

t is generally employed in a vitrified condition, or borax 

felaas (2NaB0,.B,0,}, which has a more intensified effect. 

fit has neither an oxidizing or desulphurizing action. It ia 

sometimes used as a cover in place of salt. 

To prepare— Fuse the commercial borax in a chaJk- 

^^-lined crucible, pouring the fused mass out on a clean hut- 

^Hbce to cool. Pulverize, and keep in a glass-stoppered 

^^Hfottle. As borax, when heated, loses its water of ciystal- 

lization, and undergoes an immense increase in vnlume, 

only a little should be added at a time in fusing. Boracic 

acid (n,BO,) is also sometimes employed. 

SitrcA {SiO,)j acts as a good acid flux, and can often be 
used with advantage. A good substitute is glass {JfajSi, 
O,-(-CaSi.0,+Si0,), as it is easily fusible, and foiina a good 
slag. It should be powdered and free fi'om moisture. Lime 
glass is the best. 

Black Flux, Subbtititte. — ^A mixture of three parts 
flour and ten pai'ts of bi-carbouate of soda acts as a flux and 
i^^ncing agent, and is especially useful in the lead assay. 
Slack Flux, proper=l of nitre and 3 of argol — deflagrated. 
CvAJfiDE OF Potassium (potassic cyanide, KCy=KCN), 
fis a fliix for reducing and desulphurizing is invaluable. 
It Bliould be prepared with care and kept in a tight bot- 
t^<?) as it absorbs moisture. Take tite ordinary coramer- 
ciiil article and pulverize in an iron mortar as fine as possi- 
I'le. Never sift, as the dust is poisonous. To ]3rotect your- 
^^-^, cover the mortar with a towel, or a board having a 
hole in the centre for the pestle. 

^KKRO-CvAK-iDE OF PoTASSiUBi (yellow pnissiate of pot- 
"^^) (potassic ferrocyanide, KiFeCye+HiO), wiU often 
^'^ found useful as a flux for reducing and desulphniiz- 
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ing. The crystallized material should be powdered in a 
porcelain mortar, and dried over a slow fire until it is almost 
white. If the heat is too high it will carbonize and turn 
brown. 

Argol (KHC^H^Oe), crude bitartrate of potash, acts as a 
basic flux and reducing agent. It should be pulverized 
and dry, and its reducing power determined. For this 
purpose we charge 

Argol 2 gms 

Litharge 1 A.T. 

Soda i " 

in a crucible, fuse in a hot fire, cool, extract the button and 
weigh in grammes. Dividing by two gives the amount of 
lead one gramme of argol will reduce from litharge. 

Charcoal, acts as a reducing agent and desulphurizer. It 
should be finely powdered and its reducing power deter- 
mined, as in the case of argol. Using charcoal one gramme, 
and litharge, 2 A. T. Ordinary wood charcoal will reduce 
twenty-eight grammes of lead from litharge. 

Starch, flour, sugar, and gum, may also be used for re- 
ducing agents, but are not so convenient. 

Dried starch reduces thirteen parts of lead. Common 
starch about eleven and one-half parts. Sugar fourteer 
and one-half, and gum arable eleven parts. For some pur 
poses pure hydrogen gas will be found essential as in th 
assay of oxide of tin. It is the strongest and best redu* 
ing agent, but requires care in its preparation. It is mac 
by dissolving zinc in dilute sulphuric acid, and passing f 
gas evolved through oil of vitrei, to dry it before usir 
One part of hydrogen will reduce about one hundred a 
four parts of lead from litharge. 

Metallic Iro:n^ (Fe), is a desulphurizing agent, and is 



REAGENTS AND CHEJIICALS. 



43 



I dispensable, especially in the iissay of lead ores. The 
best form is iron wire about i inch in diameter. NaUs and 
filings may also be used. 

Pure Lead (Pb), in sheet or gi-anulated f oiin, is used prin- 
cipally in the assay of silver ores. It acts as a basic flux, 
and a solvent or wash for the precious metals. The sheet 
form is useful in cupelling gold and silver beads, and in the 
bullion assay. The granulated is essential in the scoiiflca- 
tion assay. 

It can be obtained pure by decomposing the best white 
lead by charcoal, and granulating or fusing in bars, as the 
case may require. 

In sections where gmnulated lead free from silver, or 
wMte lead, cannot be olitained, the assayer can make his 
nwn granulated lead from pig lead, poor in silver, by the 
following method :— Melt about fifty pounds of lead in 
an iron pot or crucible, and keep it jiist at the melting 
point. Then pour a ladleful of the melted lead into a 
Wooden bread-tray which has been well chalked- on the in- 
side. Keep this agitated by gently rocking the tiay to 
prevent solidification, and when the mass begins to get 
pasty, throw it into the air and catch it again repeatedly 
^ntil cold, when the metal will be found to be neai-ly all 
granulated. Sift through a twenty-mesh sieve, and what 
'loes not go througli re-melt. The whole fifty pounds can 
'*® granulated in this way in two hours. After granulation 
^^'Wiple well and te.st about thirty to fifty giumraes for 
Biiver, by the scorification assay. In using the lead, the 
^dver contained in it must be deducted from the results 
"^"tained in assaying an ore. 

^ITRK (potassic nitrate, KNO3), acts as a basic flux and 
'oxidizing agent. It should be finely powdered, dry, and 
l'«8Bayed for its oxidizing power. Charge : 
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Witre Sgms. 

Charcoal 1 " 

Litharge 2 A.T. 

Sinla 1 " 

Platio ill a Ilessian cnirihle and cover -vvith salt. Fnseiua 
hdt fill*, removt', rcH»l and weigh. The difference between 
the weijiht (iT the bnttnn obtained and that ^ven in the 
asMiy of chiircuiil, divided l>y three, gives the osidiziiig 
power of nitre per gramme. 

PowoKKED Lime (OaO), (dry), and fluor spar (CaFi 
will often be found useful as Itasic Huxes, especially in tl 
assay nf iron ores. Magnesia (MgO). and alumtna (A10ti 
or kaolin v.\l.(),.fiSiO.) — are also used, and cryolite (SN; 
AlK.l for tin oi-es. 

A(» Sri.PlH'iuziN« Agents — powdered snlphnr (S), pa*^ 
gn-lena ( I'bS^, or sulphide of antimony (,Sb,Sj), are employe*^ 

Cahhonate of Ammosia i^ammonic carbonate, (NH.)jC0*!!5' 
as a ilfMiilphurUiu^ a^nt, is used in the decomposition c^^ 
some sulphates, as sulphate of copper, in roasting, i- 
should l>e powdereil and kept in a close vessel. 

Common Salt \S'^Uc chloride, NaCl), as a cover an<5* 
wn^h, and as a reagent in the bnllloQ assay, should be 
ways kept on hand. The purer it is the better, and it mi 
»l!*^ be fine and dry. 

As Solvents axd Prkcipitants — distilled water (StO)^ 
sniphurie acid (11,80.^ nitric aci<1 t.HNO.t. hydrochlorit^ 
«cid \UC11. chloride of i^^Mlium i.XaCK nitrate of silver (ar- 
jicatic nitrate. AjrNOA aa^l sulphuretted hydrogen (.H,S), 
WW mitel ftwjuently employed. 

The acids may be puivUas«H.l pui^. Xitrie acid alu 
I* ftw fix'Oi ehIorim\ which iiao l*e svparaled by the 
tkm \\S uitnite of silver, dtvp by dnn\ until a prmpii 
cms>e» to fonu. The cksu- acW. aftw fviilicg. h^ag 
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off with a sypbfjD. Amy *xixss 'A rizas^e i£ s^a should 

be carefuIlT aToide*L 

Nitrate of salra- naj V carfe -y 5**>lT!i;r p<n^ a!v*T 

ia nitric acid free fpj^ t^j-.itfit : *frKi»-dz^ \'. iryatse and 

dissolve MK port of ibe *a^ ix r^^in- jara of disdlkd 

water. 

Snlphnrened hy-ir-.ic'ii is -■«=: ^c^^at^i ^.^ *'yTr'i*3*sd 
sulphide of ip'a fr^riTL* *^3-*Jiis. 7-^ tiji crj-jr^ «nl- 
phnric add, Tb^ zas "-•ec^ to:*^^! '-ij-.n-zi i ••^■.r.-i V>t- 
tle filled with wairr :'.• -^in'i. ir. ?%2l y' *'ij.'^* -:,^ aj,I«ara- 

pasfnd iis> -^ *f.t-.tf^^ to }i^ pr»r- 

in sulphur. TV »Ti;ptiir: jc^r.^,^ -at '•.*: :ti«i f'i-*;^! or 
l»x>ken op; ompfete f",.*>'.TL i^ - -iir<'>«-ft.-7'. 

Othee ChexicaIr liij i TSfti-sriir-* «"I.^ of-i^^ ^i^ ?'.'. ticl rw^r*:**- 
*My if aaaaj-i in tLrr -y-rr x^r i,*s: v, ',*: rca/I^. ^'it rh*; 
'sader most be r*;ferr>T«i -.^ Tirr ,1**: '.r. ^a^»r T -<>, Th*; m*j^ 
'''oportaiit are arw^o -\> . it**^:j".^. '■*. '.t'/ti ^-rroa.^ ar- 
wnide, FejAs(. hypr.'«.:-jcJ:r: ^ijl,.^'"/. . 3ui ---.lihifb: ot 
wdimn (2»a=S.i, 

PRELTMi^-AKV r.->r'5''> OF *^/F:f>. 

Before breakins ".:,■ ^ ra.;:.:.!?; ^: •::.■; '\..i ''.■--■ •:!i'-cO'";^r-'y 
eramined to det^r-Llr>:. li -.ot^"-,j--. ;:.^ :.'.;.->;ril .•^■■.•^ i.Ljj- 
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acter, and if this is impossible it should be tested with the 
blowpipe, by the scheme of table pp. 177-184, Appendix. 

By the result of the blowpipe assay, the assayer can set- 
tle upon what method he will pursue, and often save much 
time. The determination of the presence of gold will de- 
cide the question of crucible or scorification assay. Arsenic, 
antimony or sulphur, that of roasting, etc. With a lit- 
tle practice the assayer will seldom have to use the blow- 
pipe when the specimen is in lump, the color, hardness, 
weight and general appearance indicating the nature of the 
ore, and consequently the method of assay ; all powdered 
samples should, of course, be examined under a magnifying 
glass and tested by the blowpipe. 



SAMPLING AND PULVERIZING.^ 

The selection and preparation of the sample for assay 
may be called the " secret of success." It is the most im- 
portant operation which the assayer has to conduct ; and 
unless the sample be weU taken his work will be useless. 

No matter how large or how small the amount of ore he 
may be caUed upon to treat, the same care is necessiary in 
the sampling ; for one portion may be very rich and another 
portion valueless, so far as the metal sought for is concerned. 
The sample, therefore, taken for an assay, must always be 
an average of all the ore. 

The method of sampling an ore depends upon its consti- 
tution : 

a, — The ore contains no metallic particles. 

&. — The ore contains metallic particles. 

In the first case the operation is comparatively easy. It 
there is a large quantity of ore to be sampled, it is broken 
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up more or less finely, the degree of fineness depending 
upon the amount of ore from which the lot for assay is to 
be taken ; and is then either thrown upon a sampler, page 
36, or divided by piling it in a heap and cutting it in 
quarters, one of which may be selected to be again broken 
up and quartered, and so on, until a sample sufficiently 
small for assay is obtained ; or an equal portion of each 
quarter may be taken, and the four portions well mixed, 
broken up, thrown in a heap, and the operation repeated 
until the required sample is reached. If there is only a 
single specimen or lot obtained by sampling as above, it 
is better to crush it, and pass it all through a sixty or 
eighty-mesh sieve ; the finer the better. The pulverized 
ore is then well mixed with a spoon or spatula on glazed 
paper, and the amount for assay weighed out by taking a 
little here and there, or dividing into quarters and taking 
some from each quarter. Various mechanical devices are 
employed for sampling down large quantities of ore, but 
for most purposes the tin sampler described will be found 
sufficient. The size of this may be increased if desira- 
ble. 

The fine ore should never be shaken to mix it, or poured 
upon the scale pan directly from the vessel in which it is 
contained. 

6. — The ore contains metallic particles. 

The sample may be selected from the heap of ore in the 
same manner as described under a, but a larger lot must 
be taken for assay and the whole pulverized and passed 
through an eighty-mesh sieve, which will divide the ore 
into two portions : 

1st. Siftings. 

2d. Metallic residue. 
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The siftings must be well mixed and sampled upon glazed 
paper, as just described. 

The metallic residue must be tested as a whole and Tiot 
sampled, or if the amount is large, can be fused with pure 
lead, and a weighed portion of the resulting alloy as- 
sayed. 

The method of making the assay and calculation of re- 
sults wiU be given hereafter. 

Care must be taken in preparing a sample that all appa- 
ratus employed is clean, especially the mortars and sieves. 

The first can be cleaned by pulverizing a little sand in 
them, or using a pumice-stone pestle, and the latter by rub- 
bing with a clean towel or rapping upon a bench. 

The box sieve, (page 35), will be found very convenient, 
and better than the ordinary kind, as it prevents the loss of 
dust which would alter, more or less, the value of the sample. 
The sieve should be used for nothing but ores, and carefuUy 
cleaned after each operation. 

To sample gold or silver bullion, chip from alternate cor- 
ners above and below ; or else melt and take the first and 
last pouring. To sample coins : for silver, stamp out small 
pieces from the center and edge ; for gold coins, cut slips 
running from the center to the circumference. 

Sometimes lead chips or granulated aUoys are submitted 
to the assay er, which call for great care in sampling. Lots 
of this kind should be weighed and melted in a clean cru- 
cible, carefully poured so as to save all the scum; the 
bar weighed and sampled by chipping or boring, and the 
scum weighed and scorified. The value of the original 
alloy per ton can then be calculated in the same way as an 
ore which contains metallic particles. 
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WEIGHING ORE AND REAGENTS. 



The ore, litharge, test lead, oxidizing and reducing agents, 
glioald be weighed accurately. 

The ordinary fluxes may be weighed approximately, still 
it is better to weigh close, as more unitorm results are ob- 
tsa-ined. 

The same pans of either the flux or ore balance should 
a^lATays be used for the weights, and the latter must be 
UaBdled with the pincers provided for 'that purpose. The 
ore scales should be kept free from dust, and be adjusted 
before each weighing, lor next to the sampling, the weigh- 
ing of the ore is most important. 

AVhen a number of charges of the same ore are to be 
weighed, weigh out the fluxes first, and then add the ore 
ui order. In this way the work wUl be greatly facilitated. 
Instead of weighing the pure granulated test lead, it can 
'^e measured. A very simple and good test lead measure is 
^ glass tube about I of an inch in diameter, in which a cork 
is fitted to slide up and down ; the tube being graduated 
for known weights. As far as possible glazed paper or watch 
^lusses should be used in weighing, to prevent substances 
"■oni touching the scale pan, especially in employing the 
l^^atititative analytical balance. 

If the substance is one which is liable to absorb moisture 
^om the air it should be weighed between watch glasses, 
fastened with a clip. Cyanides must never be weighed 
^Pon the pan direct. 

Tlie balance pans of the bullion and quantitative balance 
^Houid never be handled with the fingers or set upon a rough 
8*itface. 
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CALCINATION AND ROASTING. 

In calcination the object is to drive off moisture, while ii 
roasting the operation is conducted in such a manner as tcz^ o 
ensure oxidation, and the elimination of sulphur, arsenic-^ ^^> 
antimony, etc. To calcine a substance it is not necessarj^^ic^J 
that the air should have free access, or that the materiaCT^-J 

treated be constantly stirred. For calcination a high tem •• 

perature is seldom necessary, 212°-220° P. being sufficient.^ ^^' 
To conduct the operation, crucibles will be found the mosi 
convenient vessels. 

For roasting, combustion must take place, and conse- 
quently the vessels employed must be open and flat to aUo^ 
the oxygen of the air to act freely. The ore must be stirred^& 
continually, and when easily fusible, be mixed with som( 
substance to prevent agglutination. Charcoal, graphite, oi 
sand may be used for this purpose. The heat should be low^^^ 
at first, and raised toward the end of the operation, and ii 
some cases chemicals mixed with the mass hasten the pro- 
cess, and render it more complete, as in the addition oi 
carbonate of ammonia in roasting copper ores, which de- 
composes any sulphates which may have been formed. Tli< 
operation may be performed on a crucible furnace in an iroi 
pan lined with chalk or oxide of iron ; or in an open vessel 
like a scorifier, (Fig. 10) in a muflle furnace. In any cas( 
the draft of air should be strong, as the fumes are inju- 
rious ; the ore, however, must not be blown out. 

A very nice stirrer for this operation can be made from ^ 
piece of ordinary wire, by doubling it and bending dowir 
the loop like a small hoe, the ends of the wire being twiste 
together to form a handle. 
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REDUCTION AND FUSION. 

Reduction is simply the removal of the oxygen from the 
Ibody acted upon ; generally by the action of substances 
laaving a stronger aflSinity for it. 

The operation of reduction is usually accompanied by 
fusion, which is simply melting, although they may act in- 
dependently of each other. Reduction and fusion are car- 
ried on in crucibles, scoriflers, etc. 

The heat required is higher than that necessary for the 
foregoing operations, consequently the draft should be 
stronger, and for this reason wind furnaces are employed. 
Fusion is sometimes a preliminary step to oxidation and 
sublimation. 

To perform the operation of reduction in a muffle fur- 
nace, the muffle must be partially filled with charcoal, and 
tlie mouth closed. 

DISTILLATION AND SUBLIMATION. 

Distillation may be divided into two cases : 

a. — When a solid is acted upon. 

6. — When a liquid is acted upon. 

The product is generally liquid. 

Sublimation is similar to distillation, but the product is 
SoUd. 

Both operations may be conducted in flasks, retorts, or 
^micibles ; but usually in the operation of distillation a 
Cooled condenser is necessary, as in the process of making 
distilled water. The term "destructive distillation" is 
"O-sed where the body acted upon undergoes decomposition. 
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SCORIFICATION AND CUPELLATIOK 

Scoriflcation and cupellation include a combinatioi 
fusion, roasting and sublimation, the diflference being, i 
in the latter case the volatile compounds formed are absoi 
by the cupel, while in the former they form a slag. I 
will be described in detail hereafter. (See assay of si 
ores.) 

INQUAETATION AND PAETING. 

Under this head comes the separation of alloys, and 
treatment of the buttons from the gold and sUver assay 

Inquartation is the process of alloying gold with silve 
form a more soluble alloy, while parting is the separatio] 
the metals by treatment with acids. 



WEIGHING BEADS AND BULLION. 

This operation must be conducted with the greatest ci 
and the balance adjusted both before and after weigh] 
Before weighing, the bead or bullion should be well clea 
with a small brush. To weigh the buttons of the I 
metals the ore scales are sufficiently accurate ; but for we 
ing silver and gold, the bullion balance must be employ 
The weights should be counted on the pan, also the va( 
spaces in the box as a check. 

It is best to keep the bullion balance in a separate re 
from the laboratory, where it will be free from dust 
fumes. It should also stand upon a firm shelf, to pre\ 
shaking. In weighing a substance do not use the wei^ 
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ii-t random, but flnd tlie nearest single weiglit, and add the 
o tilers in regular order, until the required combination is 
r*^5 ached. 

lu duplicate assays the biittons should balance each 
o"fclieT, or very neai-Iy so. 

To facilitate the weighing out of pure silver in the bul- 
li<Dn assay, Mr. W. S. Ward of the U, S. Assay Office, in 
tlie city of New York, has devised a series of standard 
tlisks, which run from fifty to five hundred milligi-ammes, 
a.nd by combining one or more almost any desired weight 
c£i,ii be obtained, thus saving labor and time. When obtain- 
ing a weight, the door of the balance should be kept closed,. 
a.xid the number of divisions marked by the needle observed, 
and on which side of the centre-line they are. Each division 
counts 1-10 of a niilligramme on the second swing,and the 
total can be either added or deducted from the weights in the 
pa,n, as the case may be ; if the button ia heaviest, add ; if 
lightest, subtract. On the quantitative balance the rider 
indicates milligrammes and fi-actions of the same, so that 
iri obtaining the final weight after the pans are nearly bal- 
anced, the door can be closed and the rider adjusted by 
^*l<3ans of the rod from the right-hand side. Never lean on 
*^lie balance shelf or leave the rider on the beam. The 

k***^t may tlirow the balance out of adjustment ; the second, 
^^1186 error in the next weighing. 



TABULATING RESULTS. 
Reporting. — In making an assay each result should be 
'^cited as obtained, and nothing left to memory. Care should 
^Ibo be observed in arranging and reporting. To facilitate 
*-t»is, a series of blanks will be found on pages 165-102, from 
"^'liich a choice can be made. 
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The report should be made as simple and comprehensive 
as possible, and written in terms which a business man can 
understand. 

It should also indicate in the case of gold and silver, the 
ounces Troy to the ton Avoirdupois, and the value, in 
gold, per ton of ore. Gold being taken at $20.67 per oz. 
Troy. Silver variable ; the value by the old U. S. standard 
being $1.29 per oz. 

Base metals, such as lead, antimony, copper, etc., are re- 
ported in percentage. Gold and silver alloys are reported 
upon as to fineness, or the number of parts of each metal 
in a thousand of alloy. 



PART II. 
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LEAD. Spna>ol—Fh. 

Sources. — ^The principal ores of lead are : 

Gralena, sulphide (PbS) Piire=86.6 lead 

Minium, oxide (Pb^O*) " =90. '' 

Cerussite, carbonate (PbCOs) " =77.62 " 

Anglesite, sulphate (PbSO*) " =68.31 '' 

Pyromorphite, phosphate and chloride 

(SPbaPA+PbCL) " =76.36 " 

Lead also enters into the composition of many other min- 
erals, but they do not occur in sufficient abundance to be 
classed as workable ores. 



Assay. — The assay of lead may be performed either in 
the crucible or muffle furnace. The methods of treating 
varying with the ores. The object of the assayer being in 
^U cases to decompose the ore treated, and obtain a button 
^f lead by slagging off the gangue and other impurities. 

Methods applicable to sulphides, sulphates, etc. : 

1st. 2d. 8d. 

Jf® lOgms. 

?^bstitiite fj*^^ 
^ A-oops Iron Wire, ) 

^t fcover. 



Ore lOgms. 

Soda, Bi.Carb....80 " 
3 Iron Nails ) 
Points down. J 
Salt Cover. 



Ore 10 gms. 

Ferrocyanide 
of Potassium — 
dry 10-15 '« 

Cyanide of Potas- 
sium 5-10 '* 

Salt Cover. 



The charges should be well mixed, transferred to a cni- 
^^ble, and covered with salt. The wires or iron nails being 
placed in such a manner that they can be drawn out quickly 
^tter fusion. A little carbonate of soda in addition to the 
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fluxes given in the third method, sometimes gives a better 
slag. 

"The crucible must be covered while in the fire and dnir— 
ing the process of cooling. 

In the first and second methods a double sulphide of so 
and lead is formed, which is acted upon by the iron present 
the carbon acting also as a reducing agent. In the thir 
method the ore is desulphurized and reduced by the actio 
of the cyanide and also by the iron in the ferrocyanide. 

4Tn. 

Ore 10 gms. 

SodaBi-Carb 20 " 

Argol 5 " 

Flour 2 " 

Borax (fused) 1 '' 

The ore and first three fluxes are mixed and placed in 
small Hessian crucible, which will go into the muflBie of th 
cupel furnace. The borax is then added, and three nails o 
two pieces of iron wire bent into the form of hairpins stuc 
into the mass ; after which a cover of salt |-inch thick, i 
packed upon the whole charge, and the crucible covered. 

Several assays can be run in a muffle at once, but care i 
heating should be observed. The muffle should be at 
bright cherry-red when the assays are introduced, and-- — 
the heat raised until the salt cover fuses. This will tafc 
about twenty minutes, after which the muffle is made whit 
hot for about ten minutes, when a perfectly fluid fusion i 
obtained. The assays are then withdrawn, the wires care 
fully taken out, the crucibles tapped gently, and th 
contents poured into a mould. This operation must b 
performed carefully and quickly, to prevent solidificatio 
of the slag. The iron and carbonaceous material act a^ 
explained in the preceding methods. 
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5th. 

Ore 10 gms. 

Cyanide of Potassium 

25to30 " 

Salt cover. 

• 

Fuse in a moderate fire twelve to fifteen minutes, keep- 
ing the crucible covered while in the fire and cooling. 

The cyanide of potassium takes the sulphur from the lead 
forming a sulpho-cyanide of potassium. 

Methods applicable to oxidized ores, carbonates, etc. 

1st. 

Ore 10 gms. 

Argol 5 '' 

SodaBi-Carb 20 '' 

Salt cover. 

Mix well and heat slowly for about twelve minutes, and 
then strongly until in complete fusion. Remove from the 
fire, cool and break. 

The argol in this case acts as the reducing agent, owing 
to its carbon. 

For treatment of cupel bottoms add ten grammes borax 

glass. 

2d. 

Ore 10 gms. 

Black Flux Sub... 35 " 

Argol 2 " 

Salt cover. 

Puse in a hot fire, and in all cases where the material 
heated contains substances fusible with difficulty, borax 
rlass must be added to facilitate the fusion. 

The lead assay is not accurate for several reasons, chiefly 
^^cause of the volatility of the lead, and the presence oi 
^bstances which alloy with the button. 

Antimony and zinc in an ore interfere with the as- 
^y ; as the first will generally be found with the lead, 
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while the zinc, though partially driven off, carries lead J 
with it. 

When ninch antimony is present, the following method 1 
may bo eniph)yed. (Mitt-hell, pages 379-380), with approxi- 
mate results. 

Ore 10 gms. 

Carb. of Potash or Soda.. 35 " 

Saltpetre 1 " 

Salt cover. 

Tilt! asuay is performed in a muffle furnace, and reqnir 
about, tliirty minutes for fusion, then ten minutes slow coo»V- 
liig, whifli is done by opening the door of the muffle, ai»^ 
dt-tTeusiiig tile heat. Finally finishing with closed mc"-'" 
fit', and tt high lieat for fen minutes, when the crucibles a-3« 
removinl, (tooled and broken. Most of the antimony k^** 
niaiii!^ in tlu^ slag. This method requires care and practicr^e. 
Very often in making an assay in the muffle the crucibl^iSi 
lielng small at the bottom, fall over. To avoid this, makes a 
little i)latform of clay for each crucible. 

Ijeiid slags can be assayed by fusing the pulverized ii-ss 
wllli Moda and charcoal — charge : 

Slag 20 gms. 

Argol 10 " 

Soda. Bi-Cai-b 40 " 

2 Iron Nails, points down. 
Salt cover. 

The ii^say is conducted in the same way as in the tre^ 
ment of ores. 



Ukmakkh. — Pure galena, treated by the foregoing metl*' 
odn, fur .suljthides, gJive the following : 



No.l TS.4 and T?.6 

« 2 73. - 73.4 

" 3 7S.5 " 79.1 

The assay by cyanide gires lower resnlta, bat oleaner 
bixtrtons, and is to be recommended. 

Tlie yield by mnllle assay is lusli, dapli(?ares asr^^in^ 
"vv^-tliin two per cent, and the barton being clean and malle- 



The first method tcft cazb«)nat«^ zivea result* varraur 
from 1 to 2 per cent., bnt is better than the ^«H:ijad. 

The method by ferrocranide. alrhon^zh siTen. i* not re- 
comLmended, as the buttons nearly always oontain iron. 

^ loss of lead is sustained in all th*r ah-ov*? ^jfrjc^^^ifA, hj 

tlie Tolatflitv of this metal and it.* oxi'ie ; for thL* r^^-^y-iti 

all assavs of Itad &re9, shoald be maiie at a* lo-w a rfrtn r-^ra- 

tm» as is compatible with perf»eot frL^ion. and rh^ a-^^y 

should not be left in the fama^!^ LciLZPrr rhan L* actoally 



SouKCE?. — The prxDcip&I gr^ of ir.^Iiryvr.r ;- ♦y.^: rtil 
^l^de— called stibnite. or srey ar-rfnrr^^T- v of«r r'o, r, v, f,;/ b 
^litains, when pure. 71j5«; T*i-r vriz.*. f rr>'-;i. \u\r.,n:.'j 
*' ^Isofoand natire aI!oy-=ii wri .rr-rrr ::^>^,». >,:/\ \u ^otft 

^^tion with oxTgpen. 

Assay. — ^In the assay of '^zrz^\z,y '^r> ♦,;>: z^^^^yi-r iimy 
J^uired to ^irrmditr :or f t^r-, •r.}/^*, 
^. The pure solphi ie of £j:j:1:l»vc V <;^;.*,;.v>r.:'y;/. /ru/Jii/^/y^ 
ich the ore mar comaoL 
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&. The metallic antimony (regains of antimony), which 
the ore may yield. 

a. Determination of the snlphide. As sulphide of anti- 
mony fuses at a low red heat, it is not changed in its char- 
acter if the air is excluded, so that the following method 
may be adopted : 

Charge the broken ore into a crucible the bottom of which 
is perforated, and just fits into a second crucible about half 
its depth. Then cover and lute the lid and the joint be- 
tween the two crucibles with fire clay and sand. The upper 
crucible only should be heated, and to effect this the lower 
can extend into the ash-pit of the furnace, being supported 
by an inverted crucible or a brick. 

The sulphide of antimony will melt and collect in the 
lower crucible, while the silicious and earthy matter re- 
mains in the upper. 

h. Determination of metallic antimony. 1st. The ore is 
in the state of oxide. 

Ore lOgms. 

Black Flux Sub.... 25 " 

Argol 2 " 

Charcoal and salt . . . cover. 

This assay is conducted iti the same manner as for lead^ 
only the heat must be regulated with more care, and the 
assay taken from the fire as soon as finished ; the cover be- 
ing left on the crucible while cooling. 

The flour in the black flux substitute, and the argoL_ 
act as the reducing agents, metallic antimony being pr< 
duced. 

2d. The ore is a sulphide. 



«"■■■! 



x«:Trr- V3 



Oce J: rn&, 



iT— =* 



Sain ".''^^ 

Hie cliarz»^ :5Iii'jiljL ':»r ir=-l "n.T.^L 'Jir miz jr^r. aji»i 
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cannot be acceptrti i^ "nitr -.crrr': uii.»i-i.: .l jn^aL !::. rL-r 
Ctte ; it oniT r*^pr««!rr* Tif* T'.es/.u^ T>riiL il* ^shiz r.irroa 
often contains '5r»mir xzir^ nrrCtl*. Tr-lj-i ia."!-^ '-:»T*rii r*Hi-i«:wl 
''rttli the antrnL'jTL^ zz. zik cr^ vihes. TifT !a.:r:-:r 2* 21." i"ir*r. 

the antimonv. Tbr '"crr .?i *i:.Tl'i \*r I'j-^&zr^l. rr -^a.^' f^..-, 
aud not hanuQi'e7*efL • . i-tCl:!. Tir: *iz. i* r: i* rffrrilrr- 

ore, the medKpi f ^^ '±iT ir-r-^r^firE.Ti.'- .f ibr f::ijpi:ii-r i>r^ 

415 and 44.2 j«?r -^v^t. 

Toseparat<e fr.z!- f.-r-izn l:Jr^:;il^, r.^?vik Tirr bariJ.ri ani 
dissolve in coD->r::Tri:-:'i izTj^ . l-'iL Trli.L vicT-rr^ 1!:^^ an- 
timony into amiiLi'.'ii'V v.iL "wli-L is 5n»>-i'oW- Fi::er, 
^^h, dij-j and izrii:-r in a ir »rc>rliii: ci^dble : thi? TivLrhT 
found mnltiplifid hj \7?22 sz^es the metallic aniimony, 
Practicallv it is no: n^v^*crv i^.i tpesiT the bunons fcv^iu ihe 
fire assav. as the V»ri^^ bv T...iaTiiizaTi'.'n moiv than cvimier- 
balances the impurities in ih^^ button- 

For some impure ores a reiy large charce of oyr»niae 
(say 50-60 gms. 1. and a quick, hot lire has been found t.^ 
give good results. 
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. GOLD AND SILVER. Symbols— Am. and Ag. 

Sources. — All substances containing gold and silver may, 
for the purposes of the assayer, be divided into two classes : 

Class 1st, Minerals or ores, including incidental indus- 
trial products. 

Class 2d. Metallic gold and silver, and alloys, native or 
artificial. 

Metallic gold occurs in nature in sufficient abundance 
to have great commercial value. It is found com- 
monly in a quartzose gangue, and nearly always associated 
with one of the following minerals : Iron and copper py- 
rites, mispickel or arsenical pyrites, blende, and galena. 
There are also compounds with tellurium, and native alloys. 
(See pages 146-147.) 

The principal sources of silver are silver glahce, stephanite, 
pyrargyrite, kerargyrite, native silver, galena and argentife- 
rous copper ores. But as many minerals contain silver in 
greater or less quantity, for the convenience of the assayer, 
a complete list has been arranged on pages 145-146. 

The assay for gold and silver therefore comprises : 

a. Assay of ores. 

b. Assay of alloys. 

According as we have material of the 1st or 2d class. 

a. Assay of Ores. — ^Assays of gold and silver ores st.:*^ 
made in almost the same manner, so that a general descril>- 
tion will answer-f or both. They embrace the following ste£>^ • 

1st. Preparation of the sample. 2d. Collection of till® 
gold and silver in a lead button. 3d. Cupellation of tyhe 
lead button. 4th. Weighing the bead. 5th. Inquartatioii? 
parting, and annealing or cupelling of the gold resid-Xie* 
6th. Weighing the gold. 
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'~ Preparation of the Sample. — Extra care must be ob- 
seiTed in sampling. (See page 46.) 

The Collection of Gold and Silver in a Lead Button 
is effected in a crucible or ecorifier, whence two methods of 
assay : (a.) Crucible assay, (fi.) Scorilication assay. 

The former is applicable to nearly all ores. The latter to 
rich silver ores and telluride gold ores ; it is not safe to use 
this method for all gold ores, as a very slight error may 
make a great difference in the results, because of the small 
quantity of ore necessarily employed. 

(a.) Grucihle Assay. — An ore of gold or silver is com- 
posed of precious metals, gangiie, oxides, siilphidea, etc. 
To collect the precious metals the /ire is mixed with lith- 
arge, suitable fluxes and oxidising or reducing agents, and 
fused iu a crucible. The litharge is reduced to metallic 
i«id, seizes upon the precious metals, and collects at the 
bottom of the crucible, while the foreign materials form 
witt the fluxes, a fusible slag above. The crucible is 
poored, or broken when cold, and the button detached 
i'rom the Silag by hammering it on an anvil. 

The charge ; The weiglit of ore taken depends upon its 

probable richness or poverty, since it is requiied to obtain 

finally a bead of precious metal for weighing. As a ride it 

is usual to take one-third to one assay ton for silver, and 

'>ne, two, or even four assay tons for gold ores. All ores re- 

^^ quire the following reagents : Ai'gol, charcoal, or an oxidiz- 

^■bg agent (nitre), with invariably a cover of salt. Borax, 

^^Bvca, and other i-eagents are useful at times, but their 

^^^ployment must be left to the judgment of the assayer, 

Kuided by the properties of the reagents, and the com- 

!"'sition of the ore. It is well to bear in mind that for 

' imiiurities, an acid dux is used, and fur an acid gau- 
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gue a basic flux. Unless the charge of ore be very large, 
as a rule, employ 50 grammes of litharge, and the same 
amount of carbonate of soda as of ore. These propor- 
tions may be modified according to the comi)osition of 
the ore. The amount of nitre depends upon the reduc- 
ing power of the ore. It is added to lessen the size of the 
button. 

Size of the lead button: There are two limits to the 
size of the button. (1st.) It must be large enough, or 
sufficient litharge must be reduced throughout the mass 
to collect all the precious metals. (2d.) There should not 
be an excess of lead, which would occasion a loss of sil- 
ver in cupellation. A^button of fifteen or twenty grammes 
is the best size for a weight of ore from one-third to four 
assay tons, and is convenient for cupellation. A button 
too large for cupellation can be made smaller by scorify- 
ing. The reducing power of an ore is due to the presence 
of sulphur, arsenic, antimony, zinc, etc. 

Preliminary Assay of Ores. — Warm the crucible be- 
fore placing it in the fire, which should be bright, arxd 
effect the fusion in the shortest possible time. When ttie 
the contents of the crucible are in quiet fusion, withdra^^w, 
tap, cool and break. The charge of ore is as follows: 

Ore 2 gms. 

Litharge 25 " 

SodaBi-Carb 10 " 

Salt cover. 

Three cases may arise here. Two grammes may yieli : 
1st. No lead, or less than three grammes. 
2d. Three grammes of lead. 
3d. More than three grammes. 
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Let us sEimost ^we lak^e inr jisBfix ^ JL T. rf 5a>«»Rr nytv. 
and die Teamnnc iH^wer re Tvi. xmnmnf^ i^ ^^^ i> I.? xrnjs 
lead, i ^ T- nc tsl rTBoarnt^ isf tfftt. a'h.aii - ^lE ^t^au^jf 
7.3 <rf lead, anc a* tite iv guiivd tmrrfiii i> £fw*ai p^uuiDf^^ 
vemusr add «iir»ii£i asTvil .ir cJiarriial it' yesdnre 7.^ 4?iikv 
in iddiDon ; x&kiiif: assni as S,ri. ve shfiH i^nr^f* 7,.Jv-i<N; j 
=0.88i sax one crsmme. car cbarpcial T.^^3S=iL^ft^ :snv t 
<tf agraxmne. 

H tiiepeidiiciiifirpcfirer cflrrespands to the third ca», ^rKI^ 
the exoess of lead ty the cmdiriTic iH»ver of nirnft, tW qn^w 
tioit win show liow muc-h nitre is iieeded. In i^ ^^eyvoid 
case, ten graanme* of <:KPe vc»iLld i^wiuce a hntron of £fr<y»jn, 
Expmence wiD ofren enalOe the assayer to jnclise irf tjj^ 
ledudng piower irithi:»iiT extra assay, by noniur the appiwxi- 
mate amount of siilj»hides ccmtained in the oin^ befivre pnl- 
Terizingthe same. 

After prepozin^ a charge from the daia obtained by tlife 
assay, it should be fused, and the slaxr carefully examineti 
before running a duj^licate, so that silica or K>rax may be 
added if the slag is basic, or any mistakes as to i^ucinir 
power corrected. 

RoASTixG. — Ores containing a laige amount of sulphur, 
arsenic, antimony, or zinc, should be roasted. In the former 
case, if the ore is not roasted thei>e will be danger of the 
fonnation of oxysulphurets, which, though fusible^ aiv not 
decomposed at a white heat, and enter the slag carrv- 
ing silver with them. A large quantity of nitre is lia- 
ble to boil over ; even should this not occur, the evolu- 
tion of vai)ors puffs up the mass, and lead may Iv left 
idhering to the sides of the crucible. Arsenic and anti- 
Qony produce arseniates and antimoniates, which carry 
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(lilvpT into the slag. Zinr also increases the loss of sUrer 
Ijy Tolatilization, and in the slag. 

TTiB ore may l>e roasted convenientlY in a cast-iron pan 
over the fnmafe. The pan shonld be coated with red ochre, 
or chalk, which protects it and prevents loss of ore. 

The weighed sample must be spread over the pan, and 
stirred until all danger of fusion is i>ast. The ore must be 
heated gradnally, not above a dull red for some time, and 
finally to a full red or higher heat. Too high a temperature 
at the outset causes the fusion of sulithides and the formation 
of matter troublesome to roast. A rapid disengagement of 
arsenic, antimony, or zinc will also cause a mechanical loss 1 
of silver. Should fusion occur, it ia better to weigh oat a, 
fresh portion of ore and roast it again. The oi>eratioiiTnay 
be considered finiahed when, after keeping the pan at a fiiU 
red heat for some time, no fames can be perceived. 

If copper pyrites be present after roasting, cool and mix 
some carbonate of ammonia with the ore. Cover and heat 
the pan until fumes have ceased. The sulphates are coB" 
verted into volatile sulphate of ammonia, which passea off- 
Arsenic and antimony requii-e the addition of fine char- 
coal to reduce arseniates and antimoniates formed in rofist- 
ing ; care being taken to bum out all the charcoal. If tb.fi 
ore. contains a fusible sulphide, as antimony glance or gal©' 
na, mix with some fine sand before roasting. Ores may b^ 
roasted in the muffle, in the eaithen saucer already meO-'' 
tioned, page 29. 

Fusion. — The prepared charge is thoroixghly mixed an^ 
placed in a cnicible. A hot fire is employed, and the crud'' 
ble removed when complete fusion has taken place. Thi^ 
requires from thirty to forty-five minutes. The crud 
tapped on the floor, poured, or broken when cold. 
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(&.) Scorification Assay, — The reagents for scorification 
assay are pure granulated lead, and borax glass. The ore 
is mixed with these, the mixture put in a scorifier, and 
fused in a muffle. 

An alloy of lead with the precious metals, and a slag 
composed of litharge with the impurities and gangue 
of the ore is formed. The proportions of lead and 
borax will vary and should be greater as the gangue and 
metallic oxides are more difficult of fusion. The following 
table shows the proportions found by experience to be 
adapted to the different gangues. They are referred to one 
part of ore : 

Parts Parts 

Character op Gangue. Test Lead. Borax Glass. 

Quartzose 8. 

Basic 8. 0.25—1.00 

Galena 5.6 0.15 

Arsenical 16. 0.10—0.50 

Antimonial 16. 0.10—1.00 

Fahlerz 12—16 0.10—0.15 

Iron pyrites 10—15 0.10—0.20 

Blende 10—15 0.10—0.20 

In most cases one-tenth of an assay ton of ore and thirty 
to forty grammes of lead will be found to work well. The 
ore and one-half the lead are mixed in the bottom of the sco- 
rifier, and the rest of the lead poured over the mixture so as 
to fonn a cover. Two or three lumps of borax glass the size 
^f a pea being placed on top. The charge of ore varies from 
one-third to one-twentieth of an assay ton according to its 
richness, and if one scorifier will not contain it, weigh equal 
Actional parts for the number required, rather than to 
^^igh the whole charge and roughly divide it between the 
scorifiers. 
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Three distinct periods may be noted in the working of 
an assay. (1.) Roasting. (2.) Fusion. (3.) Scorification. 

A strong heat is maintained at first to melt the lead. This 
is effected by closing the muffle and increasing the draft. 
As soon as the lead is fused the muffle is opened, and the 
ore is seen floating upon the surface of the lead. In a large 
muffle it is sufficient to place the scorifier in the back part 
first, and move it forward when the lead is fused. 

(1). The roasting commences and is continued at a mod- 
erate heat until no more fumes are seen, and the ore has 
disappeared. 

(2). The heat is raised in order to fuse all the material. 
When the fusion is complete, clear white fumes of lead 
arise from the scorifier, there is a play of colors across tli-^ 
surface of the lead, and the slag encircles the metallic ba^^ 
like a ring. The borax glass plays an important part jii- ^^ 
here, by giving liquidity to the slag, so that it can be throv^*^^ 

to the side as fast as formed, exposing the lead for oxid ^' 

tion. If borax glass is not added and the ore contai^^^ 
much gangue and is not easily fusible, the scoriae will flo-^^t 
in masses over the lead, impeding the oxidation. 

(3). When fusion is complete the heat is lowered ta ^ 
constant point, until the ring of slag, which is continuallS-y 
growing smaller, closes over the lead. Then the heat shouU-d 
again be raised to liquify the slag, and allow the lead ^^ 
settle, after which the scorifier is removed from the fuma(^^9 
cooled or poured. Hammer the button as usual. Tl^^^ 
whole assay occupies from thirty -five to fifty minutes. T^^^^ 
much borax should not be added at first ; it is better to m^i^ 
only a portion with the ore, and to introduce the rest ^^^ 
needed during the operation, wrapped in a small piece <^^ 
paper. 
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Galena — Special Method. — It is best to make a scor- 
ification assay of galena. If, however, it is desirable to 
make a crucible assay, a charge of nitre and carbonate 
of soda is employed, instead of roasting the ore. Twenty 
grammes of nitre per assay ton are required for pure gale- 
na, this amount diminishing as the gangue increases in 
quantity, or the sulphur is lessened. Employ the same 
weight of carbonate of soda as of ore. Make a prelimi- 
nary assay with an assumed charge, and modify the reg- 
ular charge according to the result. 

The Lead Button. — The lead button for cupellation 
must be malleable and of the proper size. 

A good cupel will absorb its own weight of litharge, but 
it is better to use a cupel one-third as heavy again as the 
button. The cupels in ordinary use weigh about eighteen 
grammes. If a button be too large it may be reduced 
in size by scorification ; there is less loss in this opera- 
tion than in cupellation. A brittle button may be due to 
arsenic, antimony, zinc, or litharge, and must be scorified 
before cupellation, with lead if necessary. If the button 
contains copper, it must be scorified until no more copper 
can be seen on hammering. If nickel is present the button 
cannot be cupelled ; this, however, will rarely occur. 

Cupellation. — This operation differs from scorification 
in that the scoriae^ formed are absorbed by the cupel, leav- 
ing a pure bead of the precious metals. 

It is thus that we get rid of small amounts of copper, iron, 
arsenic, etc., in the lead button. The proportion of lead 
I'equired to carry off impurities , varies according to cir- 
cumstances, ^e operation of cupelling is conducted as 
follows : A cupel is wiped out with the fingers carefully, 
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all fCftroDfioas matter Movn oot, and then pland in the 
mafBe and lieated until of tbe same temperatore as the 
hater, when the bnitoQ is ^eotly pla>oed in the c-apel with 
a imJr of fnrceptt. The maffle is then doeed by a door or 
a piece of lighted charroaL to n»elt the lead. This done, 
tbe tnaffle is opened and the tmtton. which at first appears 
bright and oncorered, is soon co3te«l with n film of oxide 
monng in laminoai patches over its surface, and being con- 
tinaall y thrown toward the edge where it is absorbed by the 
cnpel. The button gradually diminishes in sire by oxidation 
stul absorption and becomes more convex ; tbe patches b&- 
come larger and more more quickly ; the last of the lead is 
absorbed, and the residue appears to revolve rapidly, becomes 
very brilliant, and is suffused with the tints of the rainbow ; 
then presents the appearance of the precious metals, Th^ 
latter part of the operatioa is called the "brightening'' of 
the buttotL Should the bead be large and composed of 
nlver, it must be removed slowly from the fiirmice to pre- 
vent "sj^tting," by which portions of the metal are thrown 
off and lost. In case tbe bead is verj- large, say one hun- 
dred to three hundred raUligi-ammes, it is well to cover it 
with a hot cupel. If the bead is not larger than the head 
of an ordinary piu the danger of spitting is alight and no 
great precaution need be taken in its removal. 

Two causes have been assigned for this spitting. First, 
That the molten silver absorbs oxygen from the atmosphere 
and gives it up at the moment of solidif j-ing. Second, That 
by rapid cooling a crust is formed upon the outside which 
contracts upon the liquid interior. It has been suggested, 
that as the sprouting is caused by the giving out of the 
oxygen absorbed when the last traces of lead are Ijeing 
driven off, a piece of charcoal laid over the cupel during 
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this period would act as a pperentrrfi, and not interfeTe 
with the cupellatioiL 

It is well to raise the heat of the muffle jnst at the time 
of brightening; or to posh the cnpd into the hotter part 
to remove the traces of lead. 

Silver is sensibly volatile at a high heat, and the loss 
increases with the temperature. We mnst avoid the two 
extremes of a high heat and qnick work, and a low heat 
and prolonged work. Of the two the latter is worse. The 
following are indices of favorable working : The mnfBe is 
reddish- white, the ouj>el red. the fused metal luminous nnd 
clear, the lead fumes rise slowly, and the litharge is tx>m- 
pletely absorbed by the cupeL 

■ 

The heat is too great when the cupels are whitish, when 
the fused metal is seen with difficultv and the scarrelv vis- 
ible fumes rise rapidly. 

The heat is too low when the fumes are thick and fall, 
and when the unabsorbed litharge forms lumps and scales 
about the button. 

The degree of heat may be greater according as the lead 
is poorer in silver. By bearing this in mind the assayer 
can often hasten the oi)eration without detriment. 

Too strong a current of air cools the cupel and oxidizes 
the lead faster than it can be absorbed. Too slow a cur- 
rent prolongs the oi)eration and increases the loss by volati- 
lization. 

Sometimes the material in a cupel becomes solidified in 
the midst of an operation, stopping further action. This i:5 
called "freezing," and is occasioned by a production of 
litharge more rapidly than it can be absorbed by the cupel, 
infusible scoriae due to a cold furnace, or an excess of 
foreign oxides. It can sometimes be remedied by rais- 
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ins the heat of the muffle ; or if the accident be due to 
foreign oxides, an addition of pure lead may be made to> 
the assay. In either case the results are unreliable. 

An assay that has passed well, furnishes a bead we 
rounded, crystalline below, and readily detached from th_ 
cupel. If the bead contains lead it is brilliant below, an 
does not adhere at all to the cupel. If it exhibits rootle 
the results are inaccurate, and must be rejected. 

Weighing the Bead. — The bead of gold and silver 
detached from the cupel with pincers, thoroughly cleans 
with a small brush and weighed. 

Inquartation and Parting. — ^The separation of go 
from silver is termed parting. It is effected by meamr^- ^ 
of nitric acid, which dissolves the silver and leaves ttiB-^ 
gold. It is essential that a certain relation should exL ^^ ^ 
between the amount of gold and silver in the alloy. 

If there be too little silver it will not dissolve complete 
but will be so enveloped in the gold as to escape the acti 
of the acid. 

If too much silver be present, the gold obtained will Jfc:^^ ^ 
so fine and light as to occasion loss in washing. 

The amount of silver added should be from two to thr-^^^ 
times the weight of the gold. The assay er must jud ^^ ^ 
by the color of the bead as to the proportion of silv^^^^ 
contained, and if it be too small he must supply XTScm.^ 
deficiency with pure silver, which is kept on hand i^ 
thin foil. The bead and silver are well fused together *^^ 
effect complete distribution of the silver. The fusi-<^=>^ 
may be made on charcoal by the blowpipe, or by 
ping the bead and silver in a comet of lead foil, and cuE> 
ling it. 
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The bead is then flattened on an anvil, and treated 
in a porcelain capsule (Fig. 27), with nitric acid, C. P. 
J'xo. 27. 1.16 sp. gr. (21° Beaume). Enough acid is added 
to cover the bead and heated gently. The. acid must be free 
from chlorine, which would precipitate the silver. When 
all action of the first acid has ceased, decant, and care- 
fuLllyadd some fresh acid of 1.26 sp. gr. (32° Beaume). 
He^at for several minutes, pour off the acid and wash thor- 
oufriiiy with distilled water, and dry the residue of gold. 
It is well to apply a high heat before attempting to remove 
ttiogold, to render it adherent. The gold residue is de- 
taoled with a knife, transferred to a comet of lead, cupelled 
and weighed. Or if perfectly clean and yellow, weighed 
'^^thout cupellation. 

"Weighing the Gold. — The gold obtained is weighed as 
described, and the assay is completed. 

Calculation of Results. — The milligrammes of pre- 
cious metal obtained per assay ton of ore, correspond to 
l^oy ounces in the ton of two thousand pounds Avoirdu- 
pois. There is therefore no trouble save in the case of an 
^i*o which contains metallic scales, and the method em- 
ployed when such is the case, can be shown by an example. 
^^e sample presented for assay weighs 485 gms. Pulver- 
^^^d. and sifted in a box sieve (Fig. 18) it gave : 

A. Sifted ore 480. gms. 

B. Metallic scales 5. " 

"Xhere will be a little loss in sifting, but if the operation 
*^ done carefully it need not be taken into account. 

^- Sifted Ore. — 10 grammes gave by crucible assay : 

^old 4. mgs. 

Silver, after deduction of the silver in the litharge, 14. 3 ' ' 
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Hence, the total precious metal in the sittings is : 
Gold _^X480=192.0 

SUver 1^X480=686.4 

B. Metallic Scales. — These melted with lead gave a 
button of, say 60 gms., which was rolled out and 10 gms. 
taken for cupellation, which yielded : 

Gold 2.6 mgs. 

Silver .500.0 " 



Hence, the total precious metals in residue must be : 

2.6 
10 



G^old _:i::i.X60= 15.60 mgs. 



SUver 5^X60=3000.00 " 

Total : 

Gold in sif tings 192.00 mgs. 

" '' residue 15.60 " 

" " ore taken 207.60 " 

Hence : 

207.60 ^^,^^, , 
485 X 29. 166 (value of an assay ton)=gold per assay ton 

of original ore. 

Silver in total siftings 686.40 mgs. 

" ''residue 3000.00 " 

" " ore taken 3686.40 " 

Hence : 

— 43§~~>^29.166 (value of anassay ton) = silver per assay ton 
of original ore. 

Remarks. — All ores or minerals of gold or silver can be 
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assayed by either (a) crucible, or (J) soorification. The 
latter is pi'eferable whenever it can bo nsed, as it yields 
higher results and requires no preliminary assay. No osy- 
Bulphurets are formed, or if formed, are decomposed during 
the operation ; whereas, in the crucible assay they may es- 
cape decomposition even at a white heat. It is better 
for zinc and copper ores, the action of scorification being 
oxidizing, that of the cracible I'edncing; in the latter 
case much copper will enter the lead button that, in the 
former, would Ite oxidized and enter the slag. Instead of 
roasting, another method for arsenical and antlmonial 
ores is, ore 1 A, T., litharge 2 A. T., soda 1 A. T., ferro- 
cyanide of potassium 35 gms., and a cover of salt. The 
button must be scorified. The matte over the button 
should be saved and put in the scorifier as it may carry 
silver. 

In scorifying mattes of this kind, and ores which contain 
much sulphide of iron and copper, the addition of a little 
nitre and soda bi-carb. (mixture of equal parts of each) 
will sometimes make the scorification work better and give 
a good slag. The mixture should l)e added to the seoiifier 
in the furnace if the slag seems thick and lumpy, care be- 
ing taken not to slag tlie scorifier over by adding too much. 
Instead of the above mixture, a little litharge might be 
added with good results, but as it is likely to contain sil- 
Ter it should be weighed beforehand. 

After roasting an ore for crucible assaj', if miich iron is 
contained, add more charcoal than is necessary for a fifteen 
gm. button, as the ore has an oxidizing action. Sometimes, 
to avoid roasting, just sufficient litharge may be added to 
ipve the reqi^ed button of lead, but this is not always 
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For ores containing, say 80 oz. of silver to the ton, t 
lowing crucible charge has been recommended : 

Orft 1 A T 

litharge § " 

Flour 6 gms. 

Soda, Bi-Carb 50 " 

Five or six Iron Nails. 
Borax..coverofaboutlO '' 

If much copper is present in the ore, use more lit] 
if the sample contains lead, use less. 

Gold ores containing an excess of sulphide of ire 
copper can be satisfactorily assayed by the fol 
method : 

Ore 2 A. T. 

Soda, Bi-Carb 4 " 

Litharge 2 " 

Black Flux Sub 1 " 

Silica 2 " 

Iron Wire 12 loops. 

Salt cover. 

Mix the charge weU and fuse in a hot fire. Th 
should be glassy and the button malleable. If any 
is formed, collect and scorify down with the button, a 
to the scorifier a little test lead and borax glass. 

Alloys which contain gold and silver may be fuse 
scorifier with pure lead, and the button scorified do\\ 
cupeUed, the resulting bead being carefully parted 
nitric acid in the usual way. In weighing the gold 
has been parted, if not previously cupelled, it can be 
ferred to the scale-pan by means of a piece of p< 
wood, great care being observed not to lose any. 

Ores of gold or silver containing Tellurium are assaj 
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scorification, where all difficulties arising from the presence 
of this metal may be overcome by the use of plenty of 
lead (a cover of litharge has also been recommended). 
The amount of lead must be increased in proportion to the 
richness of the ores. In the case of very rich ores, sixty 
to one hundred parts of lead may be employed with ad- 
vantage. In such cases it will be found more advisable to 
use the larger sizes of scorifiers rather than to divide the 
charge up into several smaller ones. 

If an insufficient quantity of lead is used, the result will 
be a flat and ragged button after cupellation, and loss of 
precious metal owing to its failure to collect in one button. 
The Tellurium must be driven off before the lead button is 
cupelled. There is probably no loss of gold from volatili- 
zation with Tellurium, but the loss when it occurs, is from 
the subdivision of the gold button into minute particles on 
the cupel. 

The assay of gold and silver, if conducted carefully, is 

one of great accuracy. Duplicates of silver should agree 

to within one-haK ounce Troy per ton of two thousand 

pounds, and for gold there should be no difference. This 

^s time of all ores, though some are more difficult than 

others. Where the difference is greater than the above and 

^^^tiiacy is required, a third assay should be made. Tests 

^2i^e in duplicate of type ores gave : 

Obb. Silver. Gold. 

^^1^ ore, quartzose 29. and 29.2 ozs. 10.4 and 10.4 ozs. 

^poi: Galena 5.4 " 5.4 " none 

^^ixo Blende ..4.3 " 4.3 " " 

■^^s^nical . . , 55. " 55. " trace 

^^timonial 57. " 57. '' none 

^'^X>iire mixture 28.6 " 28.6 " 2.4 and 2.4 ozs. 
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PLATINUM. Symbol— Pt. 

Sources. — Platinnm is found native and associated witli 
a variety of metals, such as palladium, iridium, osmiuin? 
copper, iron, gold, silver, etc. 

It occurs in alluvial deposits in grains, and sometimes in 
masses. 

Assay* — ^The assay of platinum ores may be i)erformed 
in two ways : 

{a) By fusion with lead. (6) By solution and precipi- 
tation. (See scheme, p. 121.) 

(a) Fusion with lead : Weigh and pulverize the sam- 
ple as finely as possible, then sift ; the metallic residue will 
contain most of the metal sought for. Weigh the residn^ 
and sif tings separately. 

1. Sif tings — charge 10 gms. in a small crucible with 

Litharge 50 gms. 

Borax glass 15 " 

Soda 30 " 

Charcoal 1 '' 

Part of the soda should be mixed with the charge and- 
part used as a cover. The proportion of fluxes may b^ 
varied to suit the gangue, so as to render the slag as fusible 
as possible. 

The litharge is reduced by the charcoal and alloys witb- 
the platinum and foreign metals, save irid-osmium, whiclx 
will be found principally under the lead button. The lead- 
button is then broken out, scorified with a little borax glas^ 
if too large, and cupelled at as high a temperature as pos- 
sible in an ordinary bone-ash cupel until it solidifies. Th^ 
residue will be platinum, with a little silver, gold, etc. Ii> 
may be purified by fusing in a crucible of cut lime, whiclx 
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is heated by coal gas, the combustion being supported hy a 
current of oxygen. 

The lead retained in the unpurified button is about one- 
eighth to one-£dxth of its weight. 

2. Residue — ^Puse directly in a scorifier with pure lead 
and borax glass, cupeUhig the whole or a weighed portion 
of the resulting button if it be too large, as in 1. 

Semabks. — In place of the method used for the sif tings, 
pure galena and iron wire might be employed, as in the 
assay for lead, other fluxes being added to suit. 

In the charge given for sif tings, twenty to thirty grammes 
of granulated lead in addition to the litharge can be used 
with advantage. 

^ Instead of cupelling the lead button containing the plati- 
^Tim, alone, add four to five times the weight of the button 
in silver. This gives a result free from lead. The silver 
can afterwards be deducted in the calculation of the 
platinum. 

To determine the constituents of the ore which are 
of no value, charge two gms. of ore and ten gms. of 
granulated silver, well mixed, in a small crucible, the 
sides of which have been glazed with borax (melt some 
^rax in it), over the mixture of borax and silver put 
*^n gms. borax glass and one or two pieces of char- 
^^. Fuse and keep hot for some time ; cool, break, 
and weigh the button of alloy, after carefully removing 
the borax glass. Subtract the weight of the button from 
the sum of the weights of the ore and silver. The dif- 
ference equals the impurities in the ore. The button 
^n then be treated as an alloy of platinum. (See 
page 121.) 
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ZINC. Symbol— Zn. 

Sources. — ^The principal ores of zinc are : 

Blende, sulphide (ZnS) Pnre=67.7 zinc 

Smithsonite, carbonate (ZnCOa) " =52. " 

Calamine, silicate (Zn.SiO^-f H,0) . " =53.8 " 

Willemite, silicate (ZnSiO^) " =58.3 " 

Zincite, oxide (2iiO) " =80.26 '' 

The last two occur associated with Franklinite. 

The first three are found alone or associated with the 
ores of other metals ; this being esi)ecially true of the sul- 
phide which often contains silver and is found with galena. 

Assay. — ^The assay for zinc is attended with considerable 
difficulty, and is not accurate save when done in the 
wet way (See scheme, p. 122); zinc being volatile and 
easily oxidized. The amount of zinc may be estimated 
pretty closely by the following method, when no lead or 
antimony is present. 

Weigh out 10 gms. of the finely pulverized ore and roast 
it carefully, with the addition of a little carbonate of am- 
monia to decompose any sulphates formed. Weigh and 
mix the residue with 

Kaolin, or china clay (dry) 1.0 gm. 

lime, " 0.5 " 

and charge the mixture in a charcoal-lined crucible, as iO- 
the iron assay, but not luting on the cover tight. Pus*^ 
at as high a temperature as possible for about two and on^- 
half to three hours. Cool, and break the crucible operi-- 
The zinc will have been reduced and expelled. The residual 
consisting of slag, and metallic globules if much iron w^ 
present in the ore, should be weighed and powdered. Sei^^ 
rate the globules with the magnet, weigh them, bm:^* 



MEBCUBY. 83 

idd three-seventlis of their weight to that of the total resi- 
lue for the oxygen lost by reduction. The total weight thus 
>btained deducted from that of the roasted ore and fluxes 

charged, and the difference multiplied by on q gi^^s the 
pield of metallic zinc. 

Remarks. — The kind and amount of fluxes used depend 
upon the character of the gangue of the ore treated ; fusi- 
ble ores not requiring any. 

The factors used to calculate the amount of oxygen and 
the metallic zinc are deduced from the table of atomic 
weights. (Page 14). 

The method given is not applicable to ores where zinc 
blende is associated with sulphide of lead, antimony, 
arsenic, etc., and carries gold and silver. The latter metals 
wonld be reduced and go into the buttons of iron, causing 
error in the calculation of the oxygen to be added. The 
method for practical purposes may prove sufficiently close, 
bnt where accuracy is required the wet method for zinc is 
preferable, and is recommended. 

MERCURY. Symbol— Rg. 

SouBOES. — The principal ore of mercury is cinnabar, 
sulphide (HgS,). Pure=86.27. It also occurs in the me- 
tsJlic state, alone and amalgamated with silver, gold, etc. , 
8^d is sometimes found combined with chlorine. 

Assay. — ^The determination of mercury is made by distil- 
lation. 
!• Ore, sulphide or chloride. 

Charge— Ore, finely pulverized 10 gms. 

Black flux, substitute 15 '' 
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This should be mixed by rubbing together with water and 
drying. The dried mixture being charged in an iron, glass 
or clay retort, with a bent neck, the end of which is plunged 
in a glass vessel to collect the distilled metal. It is better 
also to wrap the neck of the retort with a damp cloth. The 
retort may be heated over a small charcoal furnace, or in 
any way by which the heat can be applied slowly, and the 
whole body of the retort heated, to prevent condensation 
of the mercury on the top. When after heating some time, 
no more mercury comes over, the end of the neck should 
be lifted out of the water to prevent its being drawn 
over into the retort. The latter is allowed to cool slowly, 
and all adhering particles of the metal are brushed with a 
feather into the glass receiver, where they can be collected 
by boiling the water for a moment. The water is then 
decanted, and the mercury dried at the ordinary tempera- 
ture or with blotting paper and weighed on glass. Some- 
times lime or iron filings are used in place of an alkaline 
flux ; the object being, however, in any case to decompose 
the mercurial compound, freeing that metal, the substance 
used taking up the sulphur and chlorine. The determina- 
tions must be made in duplicate, and for very poor ores 
the pulverized sample should be first digested in muriatio 
and nitric acids (aqua regia), the solution filtered off and 
evaporated to dryness, and the dried mass which will coix^ 
tain all the mercury as chloride, treated by distillation, a.^ 
described. 

2. Metallic mercury and amalgams. 

Distill without the addition of any decomposing agen^fc 
otherwise conducting the operation as above. The he^^^ 
used need not be so high, mercury being very volatile. P 
the treatment of amalgam, small iron crucibles, with 
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scape tube for the mercury, cau be purchased of almost 
iiy apparatus dealer. 

Remarks. — ^For all distillations the retort should be 
ight. For this reason glass or iron retorts are the best. 
Earthen retorts should be glazed. The operation should 
)e conducted under a hood, care being taken not to inhale 
iny of the fumes. 

The wet method is preferable for mercury ores. 

See Mitchell — ^page 453, and Goodyear' s translation of 
Bodemann and Kerl, page 207. 
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Sources. — ^This metal is found principally in the metallic 
state, but it also occurs in combination with sulphur, 
oxygen, and tellurium, associated with lead and silver. 
Bismuth, like lead, possesses the property of causing 
the absorption of the metallic oxides in cupellation, and 
may be used . in place of the latter, but is not recom- 
mended. 

Assay. — In the assay for bismuth three cases may 
occur. 

«. The sample contains native bismuth. 

^. The sample is composed of bismuth with other sub- 
stances, or bismuth residue. 

c- The sample is an alloy. 

^- Determine as in the assay for ' ' antimonium crudum, ' ' 
the bismuth being collected in the same way. 

^- Pulverize finely and charge : 
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Ore lOgms. 

Borax glass 30 " 

Soda 10 " 

Cyanide of Potassium 6 '' 

Salt cover 

(See Mitchell, page 642). 

Fuse in a moderate fire in the same manner as for anti- 
mony. The resulting button must be tested for othier met- 
als, and if any be present treated as an alloy. 

c. Determine by the wet assay. (See scheme, page 124). 

Remarks. — ^Bismuth melts at 268° C, and is volatile at 
a higher temperature. 

The assay for bismuth may also be made by fusing the 
pulverized and sintered ore (prepared by heating alone in a 
closed crucible) with a known weight (five to ten gms.) of 
fine silver, black flux, and three to five gms. of iron wire, 
covering with salt. The button can afterward be treated as 
an alloy. Plattner' s Manual of Blowpipe Analysis, page 
459. 

Cyanide of potassium can be used alone for assaying 
bismuth ore, as in the assay for antimony, with good re- 
sults. 

A button of bismuth should not be hanmiered, as it is 
brittle. 



TIN. Symbol— ^n. 

Sources.— The most abundant ore is cassiterite, binox: 
ide (SnOa), =78.67 per cent, when pure. It is found in reix^ 
and in the washings from the same under the name of streax 
tin; sometimes it is associated with tungsten, tantal^^""^ 
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or molybdenum. Tin also occurs as a sulphide in stannite, 

/Cu S ) 
tin pyrites f p^g [ SnSa), and rarely in the native state. 

In the United States, tin has been found only in small 
quantities, the ore not being rich enough to pay for work- 
ing. 

Assay. — The treatment of tin ores in the laboratory is a 
matter of some difficulty for several reasons : 

1st. The ore is often associated with a gangue, the con- 
stituents of which either form salts with the oxide of tin 
'or alloy with the reduced metal from the same. 

2d. The majority of the basic fluxes at the disposal of 
the assayer, combine with the tin and oxygen which may be 
present, forming stannates which go into the slag. 

3d. Acid fluxes, especially silica, form compounds with 
the oxide of tin, and carry it into the slag. The influence 
of silica can be seen by the following table, given by 
Mitchell. The last line shows the yield of metal : 

Ore 10.00 10.00 10.00 10.00 10.00 gms. 

SUica 2.50 6.60 10.00 15.00 30.00 " 

Tin. 52^ 43fo 28% 10% none 

The fusion being made in each case with an equal quan- 
tity of black flux. 

4th. Binoxide of tin is extremely difficult to fuse; 
it is insoluble even in concentrated acids, and although it is 
reducible by ignition with hydrogen, charcoal, etc., there is 
always danger of loss if the temperature be too high, as tin 
boils at a whit« heat, air being excluded to prevent oxida- 
tion. 

The various methods adopted for the assay of tin may be 
divided into four classes : 
«. For pure binoxide of tin. 






1- •-TiarsFr "ffL ^nsL t iPr ±ittir^ iTiIi*3a»i. iiiia> a chat- 

»2iif:«c vifD^. 2r-lll:^-^ "^e •niTSilfr frniL ^Sbt fo? and ta.;p 
fr Kxriy. If -in- -±x *:•^ fa snoZL zEir-cuSes. jbfileii in * 

eiar^rttl T!lj* ^itrTfii.tl zr^r-f ^»i r«^3il3 if dfc* oc«? be p^^* 
2. Or^ I>ZBieL 

U^e a «s=siZ -^ialk-Iz!!??*! •m'^frfe- >i*^ -r-f die rjraiiide b^^' 
ins: j-Iao^d in tL-t rocr^ic:^ cf iLe <T3*rfWei. and the le^^ 
mixed with :L-=r or*r. C>T'-r? with cvanide and then witT ^ 
salt : fus^ f >r fiftrrrr. iE±i:ire? in a good fire, cooL brea^^^ 
and w^-I^irh- For binoxiie 2^i p'^re oi>?s containing litt^-^ 
silica, this m'rtL*:-! ^'i'^-r^ -rx-T^II-rar resnlrs. 

Foreizn m*^tals mnv He* rrin:»vei before fusion by thi — ^ 
procei?s given on pagtf 125. or th*:? burton mav be treated 2m — 
an allov. 

h. On*.s containing silica only. 

1. Ore lOgms. 

Fluor spar or cryolite 10 to 20 " 

Mix well and cliarge in a charcoal-lined crucible, which I ^ 
flr«t covenid with charcoal and then luted with clay. Hea ^^ 
Htrongly for about one hour. Remove carefully from th^^ 
II ro and tap gently. Treat the button as an alloy after — 
wards. 
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2. Ore lOgms. 

Hematite 3 to 8 " 

Cyanide of Potassium 40 ' ' 

Mix and charge in a charcoal-lined crucible, cover with 
cyanide, and then with charcoal, lute and heat strongly 
from one-half to one hour; remove, tap carefully, cool, 
and break. If the tin be in small buttons, collect by wash- 
ing with water to separate the charcoal, dry and weigh. 
Treat the button as an alloy of tin and iron. 

3. Ore 10 gms. 

Oxide of Copper 10 '' 

Black Flux Substitute 30 " 

Argol 2 " 

Borax glass 5 " 

Mix, and cover with salt and charcoal, in a chalk-lined 
crucible. Heat gradually, and finally to a white heat for 
one hour. Tap, cool and weigh. Treat the button as an 
3lloy of copper and tin. Mitchell, page 411. 

*• Ore 10 gms. 

Fluor spar .10 " 

Powdered charcoal 2 " 

Salt and charcoal cover. 

Mix well and charge in an ordinary chalk-lined crucible 
^^d "use a hot fire. Treat the button as an alloy if it is not 
soft and malleable. This method is used in Cornwall with 
success. 

c- Very impure ores, sulphides, etc. Weigh out and 
^oast carefully, first alone and then with a little charcoal, 
to remove arsenic and antimony, adding finally carbonate 
of ammonia to decompose sulphates ; then treat by any 
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method for ores containing silica. Testing the button for 
iron, etc., or after roasting separate all associated metals 
by the method on page 125, and then fnse for tin. 

d. Alloys. — As tin fuses at 228° C, it may be roughly 
separated from iron and metals of a less degree of fusibil- 
ity, by simply heating the alloy so that the melted tin can 
drain off. The only true way, however, is to treat by the 
wet method, page 127. 

Bemarks. — The method by fusion with cryolite or 
fluorspar can be performed in a small charcoal-lined cruci- 
ble, with two gms. of finely pulverized and well mixed ore ; 
the crucible being luted and placed in a cupel muffle. 

The time required is about one-half hour, the muffle being 
filled with charcoal the last fifteen minutes, the door closed, 
and as high a heat obtained as possible. 

Assays of Durango tin ore containing silica by the above 
methods, gave the following average results : 

Methodu Trsr Found. 

a — 2 67.0 to 76.0 per cent. 

h—\ 75.4 " '' 

h—2 74.0 " " 

b—S 67.1 " " 

b—4 74.0 " " 

b — 1, b — ^2, and b — 4 seem to be the only methods by which 
the tin is entirely reduced. If any foreign metals be present 
in the ore, they are likely to enter the buttons also, making 
them hard. 

COPPER. Symbol— Cn. 

Sources. — ^The substances containing copper may be 
vided into three classes : 



" = 55. 
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1st. Pure or oxidized ores. 

2d. Impure ores, or compounds of copper and other 
metals, with sulphur, arsenic, antimony, etc. 
3d. Native copper and alloys. 
The most abundant ores of copper are : 

Native copper and its silver alloy Pure =100. copper. 

Cuprite, red oxide (Cu,0). . " = 88.7 

Malachite, carbonate (CuCOs + CuH A). " = 57. 3 

A ^i,n-+^ J carbonate and hydrate ) 
Azunte, I (2CuC03+CuHA). )' ' * 

Chalcocite, copper glance (CugS) " = 79.8 

Chalcopyrite, copper pyrites (CuFeSj). " =34.6 
Erubescite, purple copper (PeCusSg). . . " =55.7 

Compounds with arsenic, antimony, lead, mercury, etc., 
the chloride, atacamite, and the silicate, chrysocolla. 

Assay. — Copper can best be determined in the dry way, 

by roasting the ore with carbonate of ammonia and then 

•V fusing with arsenic and slagging off the other ar- 

1 senides combined with it. This method is exact 

J but requires practice. It serves to detennine be- 

g sides the copper : lead, bismuth, cobalt, and nickel. 

Wf The crucible used for the fusion is shown in Fig. 

^^^ 28. The assay can be conducted in the muffle fur- 

Fia. 28. nace, and involves the following operations : 

a. — Roasting with carbonate of ammonia. 

6.— Treatment of the roasted ore with metallic arsenic. 

c— Fusion with fluxes to collect arsenides in a button, 
and to separate lead and bismuth. 

^.—Separation of the arsenide of iron, etc., from the 
arsenides of nickel, cobalt and copper. 
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€. — Removal of the excess of axsenic and the separation 
of arsenide of cobalt. 

f. — ^Fusion with gold and separation of arsenide of nickel. 

For details of the assay see method for nickel and cobalt, 
pages 99 to 102; also Watts* Dictionary of Chemistry, 
Vol. II., page 63. 

Other methods for assaying copper ores are in use, but 
are not recommended on account of the liability of loss of 
copper in the process of refining ; one or two of them are, 
however, given below. 

Weigh out ten gms. of the ore and roast it carefully, 
if it contains sulphur, arsenic, etc., with three times its 
volume of fine charcoal or two or three grammes of fine, 
pure graphite. If the ore be very fusible, add five grammes 
of powdered hematite, mix the charge well before roast- 
ing, and line the pan or vessel with chalk or oxide of 
iron. Add carbonate of ammonia toward the end to decom- 
pose sulphates. After roasting mix the ore with 

Black Flux Substitute 20 gms. 

Borax glass 3 ^' 

Hematite (peroxide of iron) 10 to 20 ' ' 

Cover with a mixture of ten gms. black flux substitue and 
three gms. charcoal, then with salt. Fuse in an ordinary 
chalk-lined crucible for twenty minutes. When perfectly 
fused, pour carefully into a mould. 

The resulting copper button must be refined by fusing i* 
as quickly as possible in a shallow dish in the cupel muffle 
with an equal weight of borax or less, and a little pure lead 
one to two grammes will generally be sufficient, and if tlu-^ 
ore contains lead, its addition is unnecessary. When th — 
copper is nearly refined it brightens somewhat like silvei 
only less distinctly, showing a peculiar green color. 
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ilie button is small, the assay is considered finished when 
it no longer fumes. 

Instead of the above, the following charge may be used 
in fusing. 

Ore I'O gms. 

Black Flux Substitute 25 " 

Argol 2 " 

Borax Glass 5 '' 

Litharge 6 " 

Mix well and cover with salt and charcoal. Then refine 
as described. The action in the crucible is reducing. An 
alloy of copper and other metals, if present, being formed 
w^liich must be refined. 

Hem ARKS. — A good refining flux is 

Nitre 3 pts. 

Argol 2i " 

Salt 1 " 

Tuse together, pulverize, sift through a thirty-mesh 
sx^ve, and test its action on an alloy of copper before 
11- sing. 

Iron prevents loss of copper in the slag, which is always 
tlxe case when the latter has a red color, due to the sub- 
^^^dde of copper. If the button from the crucible is small 
txXe best way is to refine it before the blowpipe on charcoal, 
"^^tha little boracic acid, blowing on the slag only, after 
ftie assay is once fused. 

If many ores are to be tested, the wet method will be 

found the most convenient and accurate, especially if the 

ores contain silver and gold, which, as they go with the 

copper, would materially aflfect the results by tending to 

increase the percentage. 
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IRON. Symbol— 'Fe. 

Sources. — The following is a list of the principal ores 
iron. 

Magnetic iron ore, oxide (PeaO*) Pure =72. 41 iro: 

Red hematite or specular iron, oxide 

(PeA) " =70.00 '^ 

Brown hematite or limonite, oxide (2Pet08. 

3H,0) '' =59.92 ^^ 

Spathic iron ore, carbonate (PeCOg) *' =48.22 ^ ^ 

Hmenite, titaniferous ore (PeTiOs+ 

nPeA) " =36.82 ^ ^ 

Pranklinite (Pe,Zn,Mn)(Pe2Mnj)04 " =48.00 ^ ^ 

Chromite (PeCrjO*). Also Sulphides, as Pyrite, Pyrrlfc^^' 

tite, etc. 

Assay. — It is required in the assay for iron not only '^ 
reduce the oxide to cast-iron, collect the latter in a butt^^=^^^' 
and to form a fusible slag that will not retain any of 
iron in combination or in pellets, but also to use si::*' ^^^ 
fluxes and adjust them, so the results will indicate -*:^^ 
character of the ore, quality of iron it will yield on sm^^'" 
ing, etc. The oxide is reduced by carbon, and we emp J-^^^ 
for this purpose crucibles lined with brasque, which i^ ^ 
composition of four parts finely pulverized charcoal to o^^*^^ 
of molasses. (To prepare this, see page 28.) 

The lining serves as a support for the crucible, whi^^^ 
under the high heat, is apt to soften. 

In making up the charge we may have, (1) O"*^^^ 
of unknown composition, and (2) Ores previously 
alyzed. The assay in both cases gives a clue to the zr^^^' 
ture of the slag, the iron that may be obtained irr^^^ 
the ore, and the character and proportion of the fluxed '^ 



e 



IRON. 95 

be added in the blast fomaca In the first case we obtain 
the additional information of the approximate percentage 
of iron. 

1 . Ores of nnknown composition. 

In the assay of an ore the composition of which is nn- 
knowm, we make several preliminary assays, and if siitis- 
factory results are obtained we make another assay >\ith a 
cliarge modified according to the indications of the best pre- 
liminary assay. 

P^relimuiary assay charges : 

1. 2. 8. 4. 

Silica 2.5 1. 4.0 2.5 to 0. gms. 

Lime 2.5 4. 1.0 2.5 to 3. '' 

Ore 10.0 10. 10.0 10.0 " 

1 is employed for the purer ores containing very little 
g3,ngue ; 2, for ores containing silica ; 3, for ores contain- 
^g the carbonates of lime, magnesia, protoxide of man- 
g^uese, etc., calcareous hematites and spathic iron ; 4, for 
ores containing silica and alumina, clay iron stones, black 
band, etc. 

The principle involved is that of furnishing a base for an 
^id, and vice versa. The charge, therefore, depends upon 
^'lie acid or basic nature of the gangue of the ore. 

Ores containing titanium require the addition of fluor- 
spar to the charge in quantity varying from 0.5 to 10 gms. 

2. Ores previously analyzed. 

Q-ood results are obtained from a charge proportioned to 
yi^ld a slag corresponding to a blast furnace cinder, hav- 
^g the composition R203.Si03+2(3RO.Si03), as given by 
I^ercy. 

R,0, represents alumina, and RO, lime, magnesia, and 
^ther bases. Its approximate percentage composition is as 
follows : 
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SiUm 38. 1 ( 2J parts. 

K,0, lalttfoioa) 15- >oraboat-|l 

KO Oime. magnesia, etc. >47. ) ( 3 " 

Th« metlitxl of charging ran best be shown by example, 

Tb*Ore Per Cent lOsros. ofore Sla^ 



required. to be added, 

Siliiii 1.63 ti.165 2.50 2.335 gras. 

Alumimi 1.94 0.1&4 1.00 0.806 " 

UtM\ ningDesia,etc.-L51 0.451 3.00 3.549 " 

Thy ulumuui is added in the form of ka^^iliii or fire-clia-^' 
which ttmlftins nearly equal parts of alumina and sili*^*" 
Allow in luMing silica for that introduced in the kaolin. 

Sometimes the ore contains more than one of the in^"^' 
dlfnta of the sJag. or the silica introduced with the kao- — "^ 
may, when added to that already present, increase t^?*^^ 
quantity beyond what is required. In either case make "" ^P 
11 new slag with the excess, retaining the same proporti.— •°'' 
between the silica, alumina and lime, viz : silica, 2J ; alnz::!^ ■"" 
inn, 1 ; lime, 3. For example, see Part IV., page 168. 

Till' charge sltould be thoronghly mi.xed, placed in t -^^^ 
rnii'iblc, Ilie conical cavity closed witli a piece of charco^=^ 
ami llie whole top of the crucible covered with a luting *^ 
flre-elay. The hitter is mixwl with one-fourth to one-thi*^ 
part of fine sand and made plastic with borax water. 

Four crucibiefi are introduced in the furnace luted to a 
firt*-brick, mid a \o\y thv kindled around them. The fuel is 
addwl gnidiially until it is above the tops of the crucibles ; 
the flit' Is mainCuiined at its maximum tempei-ature fo 
and onc-liiilf to tlu-ce and ono-half hours. Ores conta 
much tltjiniuni ivquii-e four hours, while carbonates c 
taining mimganese, fuse well in two and one-half hours, \ 
even less time. When the fire has burned out the l 
and crucibles are removed tn one masa, the crucibles ( 
tached and their exteriors broken with a hammer ; i 
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inverting and tapping the charcoal lininir rhe ^lutr iH'L :nr- 
ton of cast-iron will fall into the huniL If rhe\" .KCien- :■«/- 
gether, a slight tap serves to separare rheoL 

Before separation they should be t'Vir^twRj «rieiuL4*-<L .in.d 
weighed, the slag may then be brr^ken. ixjui .inj partirL*-?* .n 
iron separated with a magnet, and "^f^hzh^l -virli rii«- ■ jirr- n. 

Titanium andmajutanese enter the ^hxj: :ilnnA**t ••', nir.L»-rr-L t. 
Duplicate assays should not «iitfer m«/re *:ii:in '.'.:i "■. ' 4: -.i! 
one per cent. The slaja: oasdir to be 'v^l. tii-^l ;ia«i r'r'r^ 
from iron. A good button is well f'^nn^^i .Lad '^sL^iLj ■:.-:- 
ta^hed from the slag. 

If the metal be of good «jTiaIi~ "b.^ '^arr-D. -vill iirr-r. 
slightly before breakin:!. In on/nn r^ ':*r jrij .f r.ri;/>ti. 
^hite, and the grain tine. 

A bntton of bad iron breaks i^fJulUr -vizi^s.^.z ■iLii.rjj'.,,^ 
foniL 

Transparent slagsof a 2T«^nL-h. ^iz.' lrLill';;ir-r tz Jt*-..! .t :l..'.:i. 
A rouo:h. stonv sla^i. «.;r'.'ri'-'rrT-T:<illlr_!r ji -^z'.' Z'^-- ■-.:.'. : ... 
inlustre indicates an -rx:-*-^-; f ''Ji.-- -. T:' '...r 2."'- -' ■ -*- 
only fritted and contain.^ -1- r'-:--'^! l/'..> !/.'-r- v.v -. - • - 
^^ gray powder, ^ili'-j. ar. I iL - .v.- --.1 -."- i-'- r'.:,.. ".-t:: ./:, 
™p and magnesia hieLn^" ii. -rx /-rr-. 

Magnesia is one of th-r r.'>* ?'-rf ^'i- .' ry '/i^r-r f 
Snores, and when T:r^-?er_T ir. ...i.'-*:'" -"-. -J.*r-. -i 
tion of both silica and Iitl-t. 

Manganese gives an £!r.-r'l;.>^Ii--r *-'.' * - " - •- 
excess a yellow, greer. *: r ' r*. "c:! ' - ' 

Titanium produces a r-r-^:i-.v-- M^ /: •y^r>./^^'• 
curiously wrinkled on :1- '. -^rl 1-. ■. '- : ' - '"- "'^ " - ' - • '"' 
♦allic pellicles of nim-r-ya::! > 'f *>>..'.:..'.'. • '■'- -'• ' ''•" 
8*teristic cojjper color : y.-rLrr-fii-rf- t^-; -ji;.' >. •.>/.•,'/.)•, .-/d 
of a bluish tint. 
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Cliromiimi gives a <iark resinous slag sarronnded with a 
thin metallic coating. 

Phosphonis gires a hard, brittle, white metal, called cold 
short iron. 

Sulphur a strong, reticulated, mottled structure, and red 

short irv>n. 
MauiTanese. a button smooth on the exterior, hard and 

non-graphitic ; it presents a white crystalline fracture. 

Titanium — ^The button is smooth on the outside, has a 
deej> gray fracture, dull and crystalline, and adheres strong- 
ly to the slag. The button is sometimes covered with the 
nitro-cyanide of titanium with its characteristic copper 

color. 

Chromium — ^The button is smooth, well fused, with a bril- 
liant crystalline fracture, and tin- white color ; at other times 
it is white and only half fused, or it may even form a 
spongy mass of a clear gray color, according to the quan- 
tity of chromium contained in the iron. 

Remarks. — A number of type ores gave on assay : 

Ore. Iron bv Analysis. By Fire Assay. 

Magnetite 68.35 per cent. 69.6 71.2 71.3 per cent 

Hematite 44.50 " 44.6 46.0 48.6 " 

Limonite 44.20 " 44.3 44.6 45.2 '' 

Assays of magnetite containing titanic acid gave 72.5 and 

73. per cent. 

Another magnetite 64.0 64.5 per cent- 
Hematite 39.0 38.5 " 

Limonite 34.0 34.0 " 

Other slags besides the one given might be used, a^ 
Bodemann' s, which is silica 56, lime 30, alumina 14 per 
cent. , an addition of borax and fluor spar makes this slag 
more fluid. 
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"ICKEL A2n> COBALT. SjfnboU—7il and Co. 



SouKcEs. — These two metala aj» geneiaUy found associ- 
ited, and their treatment will be described under the same 



The principal ores of nickel are ninrolite, copper nickel 
(NLls), pare=43 per cent, nickel. Millerite, sulphide 
(NiS), piire=64.4pet cent, nickel. 
The principal ores of cobalt are smaltite, tin-wliite co- 
It (Co,Fe,Ni)As^ pare=9 to 33 per cent, cobalt. Co- 
Itite (CoSi + CoAb,), pnre=35.5 per cent, cobalt. 
Both nickel and cobalt occur in many olher minerals, 
jefly in combination with sulphur or arsenic, and associ- 
1 with iron, copper, lead, etc. 

Pe hare also an artificial product called " spiess," which 
n arsenide of cobalt, nickel, and iron, obtained in the 
ilting of ores which contain nickel and cobalt, and in the 
nufacture of smalt (cobalt glass). 

Assay. — Cobalt and nickel lieing difficult to fuse they are 
itwmined in combination with arsenic. Weigh ont from 
h) to five grammes according to the purity of the ore, 
ftst thoroughly in the muffle, using a clay roasting dish, 
d mining with six to ten grammes of fine charcoal towai-d 
elast of the operation. Wben the sample has ceased to 
Olve fames, mbc thoroughly with one to five gnis. car- 
Inate of ammonia, and heat. The resulting oxides are 
n converted into arsenides by moLstening and rubbing 
a mortar n-ith one to five gms. metallic arsenic, and 
long the mixture in a small clay crucible (Pig. 7). which 
Jl stand in the muffle, and heating. Keep at a dull red 
itil the fumes of arsenic have ceased ; when the cru- 
)le' is removed, and about thirty gms. of black flux, 

496353 
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or its substitute, and one or two gms. of borax glass h 

added, with a covering of salt. Do not mix the flux^ , 

but place it over the mass in the crucible ; after whicT 1 

heat in a good fire, raising the temperature gradually , 

until the contents of the crucible are in a quiet stat ( 2 



of fusion. Make the heat strong toward the end oi 
the operation, but be careful not to let the charge boiCZU 

over. Cool and break the crucible, remove and wpig lr 1 

the button (a) of arsenides of cobalt, nickel, iron, cop — ^- 
per, etc. The rest of the process consists in scori — — - 
fying the button, first, to remove the iron, and after— ^^- 
wards to separate the nickel and cobalt. This can bc-^^ e 
done in a shallow dish, or on a piece of clay crucibl^a^e 
about two inches long by one inch wide and slightly^^!^ 
concave, in the cupel muffle, which should be pretty hoi^ *^t 
and contain a piece of glowing charcoal in front. Place 
on the dish the button of arsenides from the fusion anc 
cover it wit|i borax glass. Introduce it into the muffle an( 
close the latter until the button and borax are fused, thei 
allow air to enter. The arsenide of iron will oxidize firs^ -^* 
and go into the slag, and tlie surface of the button will be- ^^' 
come bright, when the dish should be removed immediately 
placed upon the surface of a basin of water until th< 
button solidifies, and then immersed ; or the buttoi 
can be removed while the slag is fluid with a pair o^^f 

pincers. If the slag shows a slight blue color the iron i ^ 

entirely removed, and the button may be cleaned an( 
weighed (5). 

If the desired purity from iron is not obtained by o] 
scorification repeat the operation, weighing the button eac' 
time. Should the button become bright immediately, sho^ 
ing that little or no iron was contained, take the previoi 



weight. The butt'Cm will ccmasr of arsenide of nickel, co- 
bait and copper (Xi«As9. Cojls*. CnJLsiV 

Next slag off the cobalt in the same manner as the ii\>n. 
This oi)eration must be continned until an appIe-^n>Hm 
film forms, which win float abont on the surface of ihe 
button, best seen by partially cooling the assay. Weiarh 
the button (c). 

If copi)er is present add 100 to 5iX> milligrammos of gx>ld 
(weighed), and then prcx^eed to slag oflf the nickel witli tht* 
addition of a little salt of phosphorus, conducting tlio ojvn^ 
lion as before, until the button shows the bluish -irr^HMi 
color peculiar to gold and copper when meltiHl, Weiirh t he 
alloy of copi)er and gold yd). 

To determine the weight of copper, subtract the wei>rht 
of gold added, from the button (d). The diffenMice will 

be the metallic copjyer. To determine the weight of uickeK 

1(K) 
multiply the weight of the copi>er by y^ . , this will give 

the arsenide of copper (Cu^As,), w^hich, subtraotoil fn>iu the 
height (c), will give the arsenide of nickel. This mult ipltnl 

by --^=the nickel. To determine the cobalt subtniot tln^ 
100 Qi f54 

height (c) from (&) and multiply by - '- . 

The results thus obtained divided by the weight of t»ri» 
taken for assay and multiplied by 100 gives the iM*n*ontnK<* 
^ each case. 

Remarks. — Results compare w(»ll with \\u^ l)n((t»i\v 
process. The following is the compoHitioii of Mu^ nrs(»- 
Bides : 

Cu^As, Ni4As, (!<nAh, 

As=28.31 perct. As=30.27 jxt ct. AHrr:HH.'l(J )mt fl. 

Cu=71.69 " Ni=60.73 '' (Jo - (H.ftl ** 

When the ore treated contains biMinutli and Unul in nny 
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quantity these metals can be separated, during fhe fusion 
with black flnx by adding one gm. of ii-on wire, and one to 
three gms. of pure silver, accurately weighed. After fusion 
tile lead and bismuth w-ili be foiind alloyed with the silver, 
and can be detached withont trouble from the arsenides, 
By deducting the silver, the lead aud bismuth may be de- 
tennined. When the substance treated, is poor in nickel 
and cobalt, it is well to add some collecting agent in the 
fusion. Arsenide of iron is the best for this piirpose ; it 
may be prepared by fusing iron filing s with metallic arsenic 
in a crucible and powdering. 



CARBON. Symbol— C. 

SouKCES. — Carbon occurs in a vast number of compoun^-S 
forming with hydrogen, oxygea, aud nitrogen, an immeii^^ 
series of organic substances ; but we will only give ti*^ 
method for the assay of coals, although the following \X^ 
may be of interest to the assayer : 

Diamond, pure carbon crystallize'^' 

Graphite, nearly pura 95 — 100 per cef- 

Anthracite 90— 95 " 

Bituminous coal variab J-^ 

Peat and lignite about 60 per ceC* 

Charcoal variabJ-^ 



Assay.— The assay of a specimen of coal varies with tt*^ 
purpose for which the coal is to be employed. The ma^^ 
general tests are : Determination of moisture, specif 
gravity, heating power, volatile products, coke, ash, and i 
some cases, sulphur and phosphorus. 
■ The moisture, volatile products, coke, and ash may % 



tn»S^ 
)cifii^ 
idM 



m 



determined by the scheme given below. The sjwcific 
gravity by formolfe, jKiges 150-152. Knowing the elemen- 
tary constitution of the fuel, the heating power may be 
tested by determining the amount of oxygen required to 

bnm it. 

Charge— 1 gra. of powdered coal and 50 gms. of litharge, 
Well mixed, in a crucible, and cover with 20 gms. of lith- 
nng^. Heat gradually until fusion is complete. The time re- 
quired vdU be about ten minutes. Cool and bivak the cru- 
cible, then weigh tho button of lead. Pni-e carbon should 
rednce thirty-fonr times its own weight of le-ad. Hydrogen 
I03,7 times its weight. Instead of litharge, white lead 
nia.y be used, the proportion being one gm. of coal to 
seventy gms, of white lead, and thirty gms. of the same 
tor- a cover. If the white lead be pure it is better than 
litliarge. 

To calculate the results, compare with the amount of 
oxrjgen consumed in burning a fuel whose calorific power is 
lixiowii. One part of pure carbon can raise the temperature 
of 8080 parts of water 1", Consequently the valne of the fuel 
in units of heat may be estimatod by multiplying -.% :- by 
the weight of the lead button obtained in the assay. When 
iQuch hydrogen is present in the fuel the method is not so 
accurate. The specific calorific effect of a fuel may be esti- 
^oated by multiplying the absolute effect by the specific 
gravity of the fuel. 

To determine moisture, volatile and combustible matter, 
fiXfd carbon (coke), ash, and sulphtir. 

a. Determination of moisture. Pulverize the coal finely, 
heat one to two gms. in a covered platinum or porcelain cm- 
able fifteen minutes, in an air bath at 212° to 220" F. C(W| 
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and weigh, repeat until weight is constant, or begins to 
Loss = moisture. 

&. Determination of volatile and combustible ma 
Heat the same crucible with contents, to bright red 
over a Bunsen burner or alcohol lamp, exactly three 
one-halt minutes, and then three and one-half minutes 
a blast lamp. Cool and weigh. Loss = volatile and < 
bustible matter. This also includes one-half the sul; 
from any sulphide of iron contained in the coal. 

c. Fixed carbon. Heat over the burner until th( 
is white and constant in weight. Loss = fixed carbon 
one-half the sulphur from the sulphide of iron. 

The sulphur must be determined by the wet met 
page 135. For the determination of phosphorus, the re 
must refer to some larger work, as Fresenius on Qu 

tative Analysis. 

Remarks. — In reporting an analysis of a coal, de 
the sulphur as mentioned, and enter it as a separate 
in the analysis, so that it will add up correctly. Any j 
phorus present will be contained in the ash ; if determi 
allow for it. 

To determine the actual volatile matter for gas ma 
purposes, a very rough but simple plan is to heat a g 
sample in an ordinary clay pipe, luting the top oi 
bowl, so that the volatile products will pass out througl 
stem, at the end of which the gas can be lighted. 

Analysis of two samples of different semi-bitumi 

coal gave the following results in one hundred parts : 

Moisture 3.310 ( 

Volatile combustible matter +^ sulphur. . .27.300 3( 

Fixed carbon -1-^ sulphur 61.965 6: 

Ash, including phosphorus 7.425 

Sulphur 3.863 



27.900]iiiiiii9^^^^^ and i'.IIZl jlziii^' "^ !^' , -C7-«i-* "iie .-jr- 
lect amount of voiacue Tiarrgi 



61.8Ck>]iiiiiii9^-^^^ — . ami ^ >35 iiiinis— — L zr--i^:2ie ^-r- 
lect amoon]: i:>£ fixed an^jii. 
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SILVER BULLION. 

This process embraces two steps : 

a. Preliminary assay, h. Assay proper. 

The latter requires for its conduct three solutions, called 
normal salt, decime salt, and decime silver. 

The normal salt is a solution of salt, 100 c.c. of which will 
precipitate exactly 1 gm. of pure silver. 

The decime salt is a solution one-tenth the strength of 
of the normal. One c.c. will precipitate one milligramme 
of silver ; it is made by diluting one part of the normal 
solution with nine parts of pure water. 

The decime silver is a solution of one gm. of pure silver 
in nitric acid, diluted to a litre. One c.c. of this solution 
will contain one milligramme of pure silver. One c.c. de- 
cime silver is, therefore, equivalent to one c. c. decime salt. 

« 

Preparation of the Normal Salt Solution. — A large 
quantity of the solution is prepared and preserved in a 
oommon glass carboy, which has affixed to it a paper scale 
carefully graduated, indicating its contents at any time. 
It is made by diluting 2.07 parts of a saturated solu- 
tion of salt with 97.93 parts of pure water, or until each 
100 c.c. of the resulting solution contains just 0.54167 of a 
gramme of salt, which is the amount necessary to precipi- 
tate one gm. of pure silver. The amount of concentrated 
solution required for 100 c.c. of the normal, depends upon 
its strength, which can be determined by evaporating a 
measured i)ortion to dryness, and weighing the residue. 
The normal solution must be well mixed and the tubes and 
pipette washed out by allowing some to run through them. 
The solution must then be accurately standardized. For 
this purpose three or four solutions of sUver in nitric 



'iiir^ asays. each containing one 
Zf^yt ^iTrc Tiir ficxiaici* aiv made with strong acid 
^:|:':»:**»£ tticiir-f ■:' > r«K. or 230 c.c. capacity, 
il-^: i t-aLTcnrr irrza^ saJt solution by diluting 
25 ir.^- :f tLt iTTr:T±zsL*r- ^.-nnaJ with 225 c.c. of water. 
B:ui:irT.: is^r .f tbr !i*ey-k asssys 1(«> c.c. of the nonnal, 
azJa^r- a^i aL: "«■ zh-r z cvrtrtrai-e*-! chloride of silver to set- 
tle. Riri»eai zhr ^zrzixzy:^ if Deressary until the solution 
settles Hear ar?i :*ri^t.T. a-i-i ryi'-K" ->ne c.c. of the decime saV 
5»:*!cn»:^L Ajzirai-r as bef : re. a-i 1 a^ain one c. c. of the deciin 
salt, ani vrw&z :izi:fl a T-j^<ij4iate fails to appear. Saj 
po?e wt- hsTr a-ilr*! a^Mcedirr 14 c.c. the last produced X 
I«wpiTate an-i is ii-:*t c»>Tintei Thns 101.3 jjarts of tl 
normal s»>lun«>n ar^ necessary to precipitate one gramme * 
silrer, while only 1»» should be required. The noraci- 
is too weak, and the quantity of salt solution to be add^ 
may l>e found by dividing the number of c.c. of con- 
centrated salt sc»lution use*i to make the normal by 1 ^ 
— 1.3 or 9S.7, and multiplying by 1.3, the number of deciin 
added after correction. The solution is again tested, a n^ 
decime salt made, and so on. If the normal be too stroiL^ 
calculate from the silver precipitate the excess of salt in tl 
whole solution, and water in the ratio prescribed to dissol^ 
it. Let a=excess of silver precipitated over 1 gm., henC 
1 : a : : 0.54167 : ^=salt in excess in 100 c.c. of the norma^ 

' ^---- X 100=number c.c. of water to add per 100 c.c. o 

STilution remaining in carboy. 

a. Preliminary Assay. — This is rendered necessar 
by the fact of our employing a constant volume of normj 
Halt solution corresponding to one gm. of pure silver. 

Weigh out 500 mgs. of the alloy, and wrap it in pui 
lead foil, which should be kept in small sheets about tw 
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uiclies square, weighing ^j^ oz. : or 5.287 gms. each, and 
'iipel. Suppose we obtain a button of silver weighing 
«.43475 gms., then, 500 ; 1000 : : 0.43473 : 2^=660.5, approx- 
imate iineness. Corrections for loss of silver by cupellation 
ran then be made by the following table. They are given 
in thousandths, and must be added to the standard : 

Snirajau. TaHHECTION. SrumiKD. CoUUCTIds. StinDAIUI. COBBSCTIOH. 

.Watir 1.03 

973.24 1.76 

947.60 2.60 

921.75 3.25 



»6.00 



4.0(J 
4.07 
4.13 
4.23 
4.30 
4.41 
4.62 
4.64 
4.75 



STUmiKD. 

670.27 
645.20 
020.30 
505.32 
570.32 
.543.33 
520.32 
495.32 
470.60 
445.09 
420.87 
396.05 
371.39 



4.73 
4.71 
4.70 
4.68 
4.68 



4.68 



4.31 

4.13 

3.95 

3.61 

The number in the column of standards near- 
870.93 ; the coiTesponding correction is 4.07 ; 
we obtain 873.57 for the true approx- 



34(1.73 
322.06 
297.40 
272.42 
247.44 
222.45 
197.47 
173.88 
148..10 
123.71 
99.13 
74.34 
40.56 



3.27 
2.94 



2.68 



870.93 
845.85 
820.78 
796.70 
770.59 
746.38 
720,36 
695.25 

Example: 
est to 869.5 
adiing this to 869.5 
unite fineness. 

i. Assay Propeu. — Take such a weight of alloy as will 

contain one gm. of pure silver. This is found from the 

approximate fineness, by the following proportion: 873.67 

I IS to lOOO as 1 is to x^l.145 gms. Place this in aglass-stop- 

P*!^ bottle of about 8 oz. capacity, and dissolve in 10 c.c. 

ric acid. Heat gently on the sand bath to facilitate so- 

f tion, and cool. Add 100 c.c. of the normal solution, and 

[ in the same way as in standardizing the normal 

'a the decime salt fails to give a precipitate. Suppose 

feiave added 6 c. c. of the decime salt ; the last gave no' 




precipitate ; so that we reqnired more than 4 and less tha^n 
5, or 4.5 e.c. If greater accuracy be necessary, check with 
the decitne silver solution. We have used 100.45 of sa-lt) 
solation= 1.0045 gms. of silver. The fineness is given t>y 
the following proportion: 1.145 is to 1.0045 as 1000 is toxi= 
the fineness. 

Apparatfs Employed. — (Fig. 2d). 
T]ie carboy Rhould liokl about GO 
litres or 15 to 10 gallons, and have a 
]iaper scale affixed to it, graduat^tl 
byatlJing successively a known nutxi- 
bcr of litn?s of water until the c£x.ir- 
boy is filled, and marking after ea.<:^l» 
addition the height of the liquid. B 
and V are parts of a valve. E is tlie 
cover of glass through which tXie 
1 1 fi ' tubes pass, fitted by a cork. V i^ » 
neck of sheet-iron four inches de»I»- 
- The valve is closed with mer- 
cury to about one-third of its 
f height. An enlarged secticjU 
of the valve is shown at ~5l- 
I The tube T and the siphon 
reach nearly to the bottom 
of the carboy. The fonad^ 
admits air, and as none c£*^ 
pass out evaporation is px*^' 
vented. The siphon is joint;^^ 
1 rubber at a, and has a stopcock at *- 
It is furnished at the lower end witli ** 
piece of rubber tubing for connecting wi**^ 
the lower part of the pipette P ; whiclx '^ 
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verts the chloride into a sab-chloride, liberutino- chlorine, 
and this Titiales the resnits. The action of sunlight may 
be pivvenied by windows of yell-,>w glass, which exclndes 
cheniiral rays. If the bullion treated contains mercury, 
sunlight will noi blacken the combined chlorides ; the mer- 
cary may be held in solution by adding 10 gms. of acetate 
of soda containing a little free acetic acid. Test for the 
presence of mercnry by standing the bottle in the light. The 
temi^rature of the normal solution should remain the same 
as that at which it was standardized. The most convenient 
temiierature is 68" F., and the solution should be miide 
and kept in a separate room, the heat of which can be rcg- 
nlated by a good thermometer. 

Despite all precautions the noi-mal solution will become 
stronger in time through evaporation of water. Tliis wiU 
demand correction, and in regular practice it is customary 
to take a certain weight of pure silver and subject it to the 
same ojieration as the regular assays. The latter are cor- 
rected according to the indications of the proof assay. 
1.004 grammes of silver is a convenient weight to take. 

Example : Suppose we have added to a check of lOO* 
gms. pure silver, 100 c.c. normal and 3.5 c.c. decime salt- ; 
This would show that our normal is too strong, and in- 
stead of making the proportion in the preceding example 
1.145:1.0045:: 1000 :.T, it should be 1.145:1.005 :: KHXIliT' 
If we have determined by evaporation the salt in one c.c, w^ 
simply divide 0.54167 by the weight found, and we have tb® 
number of c.c. of concentrated solution to be diluted toloO- 
The presence of sulphide of silver or antimony, lead, ao^ 
tin, sometimes interferes in making the silver bullion assay- 
Th'e first two may be removed by boiling mth stronger acia- 
For the latter a little nitre and sulphuric acid will make ^ 
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clear solution. (See Report of the Director of the U. S. 
Mint for 1875). 

The pure silver required for standardizing and check as- 
says may be made by dissolving tough bar silver in nitric 
acid, and precipitating with pure hydrochloric ; the white 
precipitate being weU washed, and fused with bi-carbonate 
of soda, and the button obtained re-melted with borax to 
toughen and purify it. 

The chloride can also be reduced with zinc and dilute 
sulphuric acid, and the fine silver obtained melted down 
with borax glass ; re-melting to purify. 



GOLD BULLION. 

The assay of gold coin and bullion comprises two deter- 
ininations. a. Base metal. 6. Gold. The difference be- 
tween these two and the total weight of bullion gives the 
amount of silver. 

a. Base Metal : Cupellation. — Weigh out 0.500 gms. 
and cupel with ten times its weight of pure lead rolled out 
iiito a sheet, the bullion being wrapped in it. If the bul- 
lion contam much copper, use more lead, or one-half the 
amount of bullion. 

The copper is oxidized and carried into the- cupel by the 
litharge, leaving a button of gold, and silver if there be 
^y present. 

A check assay is made with every set of assays. We 
^ttiploy for this a proof -alloy containing 850 parts of gold, 
12 parts of copper, and the rest silver. This ought to lose 
V cnpellation just 12 parts of copper, It may lose more 
^f less, and according to the difference one way or other. 
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we correct the regular assays which have been made nnde: 
the same conditions. Suppose the check assay gave 11; 
copper instead^of 12.0, the proportion of copper obtained i 
each of the regular assays must then be increased by 0. 
thousanths, or vice versa. 



h. Gold : Parting. — Take for this operation 0. 5 grammes 
of the alloy and add twice as much pure silver as there is 
gold contained in the alloy used. Wrap the alloy and sil- 
.ver in a sheet of lead and cupel. If the alloy be over 950 
fine, add, say 0.005 gms. of rolled copper to toughen the 
comet. The button obtained from cupellation is hammered 
on the anvil to flatten. Three blows with a light hammer 
will suflBce. It is then heated to redness in a clay anneal- 
ing cup, and passed between the rolls of a small flattening 
mill. When rolled, the ribbon is again annealed and 
wound into a cornet or spiral. 

The comet is subjected to the action of nitric acid in ^ 
glass matrass of about three ounces capacity (Fig. 24)- 
Acid of two different degrees of strength is employed. The 
first has a specific gravity of 1.16 (21°Beaume) ; the second 
a gravity of 1.26 (32° Beaume). If very strong acid were 
used at first the action would be too brisk and might break 
up the cornet. First pour on the acid of 1.16 specific gra^' 
ity, and heat for ten minutes ; replace this with acid of 1.26 
specific gravity, and .boil ten minutes ; decant, and make a 
second boiling with acid of the same strength (1.26) iot 
another ten minutes. A gentle boiling is intended, and not 
a tumbling about of the cornet. Finally the cornet is 
washed, the fiask filled completely Avith distilled water, 
an annealing-cup placed over the neck, and the whole is y^' 
verted. The comet falls into the cup, the flask is removed, 
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water decanted, and die eameo: diwd ;](3»d ^^yiw^VhI 
weight of this oaroet ^es Ae aBKomt of ^^M in t W 
pie assayed. Tl»e goM, oo^er, and dliper *i^ I^lv^rt<H^ 
honsandths. A fine gcM prodF to whwh th^ s^«\i^ 
►unt of copper has been added as in the a$?siy, shouUl 
un under the same conditions, as a check* Wlii^iv rt 
e number of comets are to be treated at once.» the « pixe- 
ls shown in Fig. 31 will be found convenient. It oou- 
J of a number of small platinum cups, arranged in a ttny 
lie same metal, which can be set inside of the plntltmm 
;el (a). This is covered and connected with an arfotigfi- 
Lt for condensing the acid fumes. 

EMAEKS.— The government uses for test anmy (rt ^nM 
IS, an alloy of gold 900, copper 76, and ftilvm* 2ti )niH^. 
roof gold tor test assays can be made by dh^fh^ita fN 
e metal as obtainable, in aqua regia, diluting iho hoU^ 
I largely and allowing it to stand i/y fi^tU Hf}y thUrrVU* 
silver, the filtered solution being th<^ f/mf'^'^ffttfif/u) Ui 
stallization, diluted with pum wat^, ^rA f hA ^rA/} uft. 
itated with oxalic acid^ filtered off, w^il ^»iaj>,/./) /f^)^./j 
I fused with borax and nitre ; rt^Axikm^ to pnfyfy i^ r, i 
iteof m]fninayben9edmpiai'>^r>f /^^alW* ;*/ii4 f/^ f/ft-^-ip 
ion, but teste made ia theB^yal Mint. {y^4^^ f^,^^..,, 
' former tobe tiie be^i. 

f the gold cootamaplacmnm, the j=mi#y>nt ^>f ^,].f^f .,^,.„, ,^ 
inotbeaecinaidy d^jermined Hy ^rt#^ '^ap/^M^tv^ .[^, , , ,, 
n case there be buc ^ nnsM ^mryyr^r.vf / /rM ;., , , 
>y assayed, the exact !inene5>iflr --^ V ,.Krt ^*^.#f^^yj,,/i ^ 
iiDg suflldau; fine 3oW -o :nsA(^ > yy\ yy^., ;^ , , ,y, 
WTiea the weidir of -h^ .-ofn#< :* y*^,^^fr,^^ .v,, ,^.^, . 
fine gold added may be ifrdneff^t 
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FIG. 31. 

PLATINira APPARATUS 

For Parting Gold and Silver, as nsed in tlie Roj-al Mint, London. 



CHLORISATIOX A?«AY. 



CHLORIXATION ASSAY. 

To determine the percentage of chlorinaTion, weigh oat 
I two samples of the chloridized ore or "palp," each r- A.T. 
I Scorify one with 30 gma of lejid. jind capel. Place the sec- 
ond sample iu a filter paper and wasli with a stroag solntion 
of hyposnlphite of soda in water (two ponnds to the gal- 
ion) until all the chloride of silver iji the " pulp " has l>een 
dissolved. This can be determined by adding a drop of a 
solution of sulphide of sodium in water to a test sample of 
tlin filtrate. When no black precipitate or brown color ia 
-formed, the chloride of silver is all dissolved, and the desired 
point has been reached. Wasli the residue with pure water, 
dry and bum the filter in a dish or scoop, in the cu]>el muffle. 
^-Tix: the ashes with 30 gms. of pure lead, scorify and cupeL 

»*^i»-e calculation can best be shown by an example : 
Tlie "pulp" untreated gave 208 ozs. of silver per ton. 
The "pulp" treated '" 14 " " " " 

^tiH] remaining in the ore unehloridized. Hence, to deter- 
'^^^iue the j)ercentage of silver chloridized, form the propor- 
tion : 208 : (208—14) : : 100 : x. 

AVliere sulphate of silver is present a third sample leached 
^^'T^t.h hot water should be run in addition to the two given 
^oove, the residue being assayed in the same way. By 
^«iating three samples, rhe amount of silver present as 
^^llphate, the amount contained as chloride, and the total 
^^ver, can be determined. 

In the West, nearly all silver reducing works make these 
Assays every day, as the amount of chloridized silver is all 
that can be extracted by amalgamation. 

Remaeks. — This method is sufficiently accurate to check 
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the chlorination of the ore, and with proper care dupUcafce 
assays are unnecessary. 

The operations of scorification and cupellation are coa-- 
ducted as already described under the head of silv^3: 
ores. 

The success of the process depends upon the care take: 
in washing. 



SCHEME FOR LEAD. 

Treat two gms. finely pulverized ore with concentrate^ 
nitric acid, and heat until the residue becomes nearly whit^? 
and red vapors cease to be evolved. Add a few drops ^ 
sulphuric acid and evaporate to dryness, then dilute wi*^^ 
water, filter and wash until the filtrate shows no acid ve^^^' 
tion with litmus paper. The residue will contain the te^^ 
as sulphate, silica, and mixed sulphates. Wash tlt*-"^ 
oflf the filter into a beaker with a concentrated solutL^^^^ 
of neutral carbonate of soda and digest for an hon:^^' 
Filter oflf and wash the residue of carbonate of lead, e 
Dissolve in acetic acid, and precipitate the filtered so 
tion with just sufficient sulphuric acid to ensure compl^^ 
precipitation. Filter oflf the separated sulphate of lea--' 
dry, heat to redness, and weigh. The weight of the s 
phate of lead niultiplied by 0.6832 will give the met 
lead. 



a- 

^c 



Remarks. — If the ore contains much limestone do 
carry the first evaporation too far, and before adding s 
phuric acid, dilute with water. Use dilute sulphuric aci 
This method is recommended by Percy, and is used wL 






SCHEME FOB PLATISUM. 



mnress at Bleiberg — duplicates agreeing to within less 
than. C.2 of one per cent. 



I 



SCHEME FOR PLATINTM. 



Treat one gm. of ore or alloy, with hydrochloric acid, fil- 
ter and wash. This will separate the iron and soluble ixm- 
Btitaents. Treat the residne with nitric and muriatic acid, 
the latter being in excess, and digest for some time — eight to 
fifteen hours. Filter and wash. The i-esidue will contain 
most of the iridiam and osmium. The solution will contsiin 
tbe platinum more or less pure, accoi-diug to the nunibt^r 
of other metals present in the ore. Evaporate it nearly to 
dryness and add twice its bulk of alcohol, and chloride of 
ammonium until a precipitate ceases to form. Filter, wisli. 
aJid dry ; then ti-ansfer filter and contents to a porcelain 
cradble ; cover and heat gradually, and finally intensely, 
fool, and weigh the residue of platinum sponge. 

Alloys containing platinum, gold, silver, iridosmine, 
"Qd base metals can also be assayed by the following 
method : 

Take alloy 200 mgs., pure silver 150-200 mgs. "Wrap in 
sheet lead and cupel. AVeigh the button. The loss is base 
metal. Flatten, anneal, and toU the button out thin, an- 
neal again, and make into a cornet as in gold bullion assay. 
Piit the comet mth concentrated sulphuric acid, boiling 
forseveml minutes. Wash, anneal, and weigh. The dif- 
■^fence between this weight and the button fi'om ciipella- 
^'^n is the silver in the alloy plus the silver added. Alloy 
ifte Weighed comet with 12-15 times its weight of silver, 
^■pl out, anneal, and make into a fresh comet, then part 
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with nitric acid sp. gr. 1.16 and afterward with nitric aoid 
sp. gr. 1.26. Wash, anneal, and weigh. Loss equals plati- 
num and silver added. 

Treat the residue with aqua regia, which will dissolve 
the gold. Wash, dry, and weigh the iridosmine which, re- 
mains. 

Remarks. — When the proportion of silver in a button 
is very large, the nitric acid will dissolve the platinum also. 
The above methods have been tried with success on vari- 
ous platilium compounds, and for practical purposes ifvUl 
be found sufficiently close. It is, however, difficult to 
dissolve all the platinum with the silver and separate the 
iridosmine, etc. In sponging the platinum, it should- he 
wrapped in paper first, and covered to prevent loss. Caxe 
must be taken to drive out all the ammonia salts, by rais- 
ing the temperature toward the last. 



SCHEME FOR ZINC. 

The ore may contain lead, arsenic, antimony, sulphti^j 
gold, silver, copper, zinc, manganese, iron, silica, alumii^j 
lime, and magnesia. To determine the zinc. Weigh out o^^ 
to four gms. of ore, according to its richness. Treat wi**^ 
ten c.c. nitric, five c.c. muriatic, and ten c.c. sulphii^^^ 
acid, adding each separately and in order, increasing the 
quantity if necessary. All the acids should be concentrated. 
Evaporate nearly to dryness in a porcelain casserole ; mois- 
ten with dilute muriatic acid, and dilute with water. P^^^ 
sulphuretted hydrogen gas through the solution as ^^' 
described on page 45. Warm, filter, and wash. 
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hydrochloric acid and diluting to 1 litre. The operation 
is performed by measuring oflf 50 c.c. of zinc solution in a 
beaker, adding ammonia until the precipitate is re-dissolved, 
then 400 c.c. of water; afterward running in the sulphide 
of sodium solution from a pipette until a drop of the 
zinc solution tested with chloride of nickel on a porcelain 
plate, turns blackish gray. Note the number of c.c. of sul- 
phide of sodium used, and repeat to be certain. Knowing 
the amount of zinc in the solution, the value of the sulphide 
of sodium solution per c.c. is very easily calculated. This 
done, the ammonia solution of zinc from filtrate a can be 
divided and tested in the same manner. 

Calculation. The number of c.c. of sodium solution 
employed multiplied by the value per c.c. gives the amount 

of zinc=Z. ^TT « T-^ — M r-T — =the per cent, of zinc. 

W eight of ore taken ^ 

Kemarks. — A silver ore containing sulphide of zinc wa^ 
treated by the first method, the assays being made in Axkr 
plicate : 

No. 1 gave 2.380 per cent, metallic ztP-^* 

*' 2 '' 2.367 " " " 



DETERMINATION OF BISMUTH IN AN ALLOlT- 

Weigh out two gms. of the. alloy, and treat with jonc^^" 
trated nitric acid until action ceases. Evaporate to dryne^^> 
add 50 to 100 drops of strong sulphuric acid. Mix witli- ^ 
glass rod, and evaporate to dryness. Add water with a f ^^ 
drops of sulphuric acid and boil. Filter, and to the soluti<^^ 
add an excess of carbonate of ammonia. Collect the pre* 
cipitated oxide of bismuth on a filter, wash, and dry. Sepa^ 
rate carefully from the filter, ignite in a porcelain crucible 



pCMlds kO %.5r if ^w»'g»'?T>- T^MW!!.:' .^^^^ D^^acJi. 1. 



- * ** .^ 
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treat the residue by fire assay, or by one of the methods 
given below. Instead of treating the roasted ore with acids, 
it may be fused with bi-sulphate of potash in excess, which 
decomposes the silicates in the ore and dissolves the bases; 
the fused mass treated with water and hydrochloric acid, 
the residue filtered off, washed, dried, and treated by 
dry assay or wet, as the case may be. The addition of cry- 
olite or fluoride of potassium in the fusion with bi-sulphate 
of potash gives good results. 

2. If the ore is pure or has been purified. 

Method by fusion with sulphur : Weigh out one gm. and 
mix with five gms. of powdered sulphur, and five gms. of 
dry carbonate of soda. Place the mixture in a porcelain 
crucible, cover and heat over a Bunsen burner, or alcohol 
lamp, until liquid. Keep fused for ten or fifteen minutes \ 
cool and treat the fused mass with water, filter and wash. 
Test the residue for tin with the blowpipe, and if any be 
present re-fuse and add the solution to the one obtained in 
the first fusion. 

Place the solutions in a large beaker, and treat with dilute 
sulphuric or hydrochloric acid until a precipitate ceases to 
form; boil, filter by decantation, and wash with sulph-^^* 
retted hydrogen water. Dry the residue and ignite in ^ 
weighed porcelain crucible, to expel sulphur, adding a i^^ 
drops of nitric acid to oxidize toward the last. Weig-*^ 
until constant. The addition of a little carbonate of axii- 
monia in the ignition will help to expel any sulphuric acid- 
The ignited residue consists of binoxide of tin and silica 5 
if great accuracy is required, it should be purified either ^^ 
heating with fluoride of ammonium until the weight is ao^' 
stant, or reducing the binoxide of tin with hydrogen, <3i^' 
solving the metal produced in hydrochloric acid, wasb-i^c^ 
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uid weighing the residue. The loss represents the binoxide 

59 
of tin. The weight of binoxide found, multiplied by „ 

gives the metallic tin. 

Coal gas may be used instead of hydrogen, the weighed 
precipitate being placed in the bulb of a small chloride of 
calcium tube, through which the gas is passed, the bulb 
being heated. 
Method by fusion with caustic ix)tash : 
Weigh out one gramme and fuse with six to ten gms. of 
caustic potash in a silver crucible. The potash being placed 
in the crucible with its own weight of water, the ore stirred 
in, and the whole mass evaporated to dryness, and then 
heated for one half hour, until fusion is complete. Dissolve 
the fused mass in water and hydrochloric acid, and boU ; 
any tin ore unacted upon, filter oflf and re-fuse. Evaporate 
to dryness, moisten with hydrochloric acid and water, di- 
gest, filter and wash. The solution will contain the tin free 
from silica, tungstic acid, etc. 

The tin can be precipitated from the solution with zinc, in 
the metallic state, collected, washed and weighed, or it may 
te precipitated with sulphuretted hydrogen and the pre- 
cipitate filtered oflf, washed, ignited, and w^eighed as bin- 
oxide. 

In cases where the ore has been purified with acids, or by 
fasion with bisulphate of potash, the silica may be expelled 
with fluoride of ammonium until the weight is constant, 
and the residue weighed as binoxide. The results are, 
however,* liable to be too high. 
6. The substance is an alloy. 

1. Dissolve in hot hydrochloric acid, filter, and wash. 
Precipitate the filtrate with zinc. Collect the precipi- 
tated metals, dry, and ignite; treat with concentrated 
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nitric acid and wash. Dry the residue, and weigh tf 
binoside. 

2. Oxidixe the finely divided alloy (filings) with nitrie 
aL'id. sp- gr. 1.3. Add water, digest and filter, wash, ig* 
aire* and weigh the residue as binoxide of tin. 

Remarks. — Slags which contain stannates. Pulyeriz^ 
as>'l afterwards digest with water, filter, and treat the soln- 
licai with dilute sulphuric acid. 

The best way is to neutralize the solution with ammonia^ 
add a little hydrochloric acid to dissolve any precipitate 
ft^ined* then the sulphuric acid, and dilute. Allow to 
stand for several hours before filtering off the predpitato 
formed, fgnite and weigh as binoxide. Watts' Dictionaiy 
of Chemistry, Vol. 5, jxige 811. 

Comjxirison of results obtained by various methods ii 
t^e a^sav laboratory. 
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rate does not turn black with sulphuretted hydrogen solu- 
ion. Test the residue with the blowpipe for copper. 

The solution will contain the copper as sulphate, and can 
)e treated in several ways. The best are : 
a. Precipitation hy the battery. 
&. Precipitation by zinc or iron. 
c. "Volumetric determination. 
Divide the solution in five equal parts by volume. 
-a. Precipitation by the battery. 

Place the acid solution of copper in a weighed platinum 

dish ; set the dish upon a spiral of copper wire connecting 

the zinc element of a Bunsen cell, and have in the solution 

a piece of clean platinum foil suspended from another 

wire connecting with the carbon element. Test for the 

complete precipitation of the copper by taking out a little 

of the solution and adding sulphuretted hydrogen ; if no 

color is observed the precipitation is complete. -Decant 

the fluid from the red precipitate of copper, wash 6^^*with 

water, and twice with alcohol. Dry by holding in fw^ hand 

over a flame, and weigh. This w^eight, less the weight of 

; the dish, equals metallic copper. The operation of drying 

and weighing must be conducted as quickly as possible. 

6. Precipitation by zinc or iron. 

Pour one part of the solution of copper in a porcelain 
^h, ui which is placed a weighed slip of platinum foil; 
^ upon the latter a piece of pure zinc (Lehigh zinc will 
^o), and add dUute sulphuric acid until fumes cease to 
come oflE and the zinc is dissolved. The solution should 
then be clear and give no color with sulphuretted hydrogen. 
Pour oflE the liquid, press the copper together, and wash 
^th water and alcohol ; dry and weigh the copper and 
^oil. This weight, less that of the foil, gives the copper. 
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The precipitation by iron is conducted in mncb. the sairiz 
manner, save that the solution should be nearly neutr^t* 
and no platinum foil is required. The iron used should fcu 
clean and pure ; it may be either sheet or wire. 

c. Volumetric determination. 

Take one part of the prepared solution of copper and aid 
ammonia in excess untU the precipitate formed is dissolved ; 
the solution should be a deep blue. Then titrate with a 
prepared solution of cyanide of potassium until the blue 
color disappears. The number of c.c. of cyanide used, indi- 
cates the amount of copper present. The cyanide solution 
is made by dissolving sixty to seventy gms. commercial 
cyanide of potassium in two quarts of water, and standard- 
izing it with a solution of pure copper, of known value. 
This is made by dissolving five gms of pure copper in nitric 
acid, boiling and diluting to one litre. A portion of this 
solution can then be treated with ammonia and cyanide, 
and the value of the latter in copper per c.c. ascertained. 
Should zinc, nickel, cobalt, or manganese be present in 
the ore treated, it is well to precipitate the copper wifli 
zinc in a porcelain dish, wash with water, and re-dissolve 
in nitric acid. Then add ammonia and proceed with 
the titration. The solution of cyanide should be kept 
in a green bottle, tightly stoppered, and away from the 
light. 

i 
Remarks. — ^Determinations of copper in a mixture of iron 

and copper pyrites gave, by precipitation with sheet iron, 
16.6 per cent. ; by volumetric estimation with cyanide solu- 
tion 16.53 and 16.35 per cent. Another sample gave 8.4 
and 8. 6 per cent. , and a third specimen gave, by battery^ 
1.3 per cent., with zinc, 1.3 per cent. 
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SCHEME FOR IRON. 

VoLUMETEic. — ^Weigh out 1 gm. of the finely powdered 
ore. Fuse in a platinum or porcelain crucible, with 4 to 6 

[ gms. carbonate of soda and J to 1 gm. of nitrate of soda, 
well mixed, until the whole mass is in quiet fusion. Then 
cool and dissolve in a casserole with water, acidulating 
gradually with hydrochloric acid, until gas ceases to come 
off. Keep covered to prevent loss. Heat for some time, 
filter and wash. 

Treat the filtrate with ammonia until a precipitate ceases 
to form ; boil, filter, and wash once or twice, and then dis- 
solve the precipitate in dilute sulphuric acid on the filter, 
and wash. The solution containing the iron as sulphate is 
placed in a 6 oz. bottle with a clean strip of platinum foil 
and a small piece of amalgamated zinc, free from iron. 
Allow it to stand several hours, then transfer to a large 
beaker and titrate with a standard solution of permangan- 
ate of potash prepared as follows : Make a solution of crys- 
talline permanganate of potash in water and standardize 
it with a solution of pure sulphate of iron of known value. 
The latter is prepared by dissolving 0.2 gms. of fine iron 
piano-forte wire, well cleaned, in a four ounce fiask with 
^nte sulphuric acid. The fiask should be closed so that 
the gas evolved can pass out and no air enter. To effect 
this, stop the flask with a cork in which is fitted a glass tube 
*bout two inches long, on the end of which is a piece of 
^bber tubing closed at the extremity with a small piece of 
glass rod and slit on one side. In this way a valve is formed 
^hich allows the gas to escape. Heat just enough to dis- 
solve the wire, and when this is effected decant into a me- 

I dium sized beaker, wash the fiask out, adding the wash 
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SCHENfE FOR MAXGAXESE. 

Manganese occurs in an oxidized form, and its princip^ 
ores are • 
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Pyrolusite (Mn02) available oxygen=18 per cent. 

Braunite (2Mn304+MiiSi04). 

Manganite (H2Mn204) 

Psilomelane (MnO + 4M11O2) . 

Hausmannite (Mn304) 

Wad(H2Mn205) 

The qnantity of oxygen which an ore of manganese is 
capable of yielding generally regulates its commercial 
value ; hence, it is only necessary to determine the aponnt 
of binoxide contained, which can be arrived at very easily 
by the following method, which is sufficiently accurate for 
practical purposes. 

Assay. — ^Weigh out 1 to 2 gms. of the finely pulverized 
ore, place in a small flask, and add from 5 to 7 gms. of neu- 
tral oxalate of potash in powder, and a little water. '• Close 
the flask with a plug of cotton and weigh. Then add about 
30 CO. of sulphuric acid, a little at a time. The sulphuric 
3<5id should be weighed in a small flask, which should be 
3gain weighed when empty, to determine the actual weight 
of sulphuric acid added to the ore. When effervescence 
ias ceased, heat the flask containing the ore gently until 
every trace of black powder in the same has disappeared. 
Cool and weigh. The amount of peroxide of manganese 
can be estimated from the carbonic acid driven off, as fol- 
lows : Deduct the weight of the flask and residue from the 
sum of the first weight and the sulphuric acid used, and 
Multiply the difference by 0.9887, the product will be the 
^ttount of binoxide of manganese contained in the ore 
taken. 

Bemaeks. — ^When the ore contains carbonates (which can 
"^ ascertained by testing with nitric acid), after weighing 
^^t the ore, treat it with a solution of one part of sulphuric 



n^ 



ursL TO irv*^ ;nrrsF ^ -vnn^i iniJ ! '^t;^ "ScboBates are decom- 

.inii ni-ri^ ir:!iL 

T!itrTinr-s^zrppa ib»'^T=»:. in. iPttsT/^pecferdT accurate, 
-Hit'iiitL '>f Tfcj^iT*ft»^>r oi HL jir-ryTi;; spfmanis idth the 
^£r»«iDf^ rsp^. ^j ~iur auxiiimr lur 3z^«i3Eif acid can escape, 
:ui<L 3ii :ntii&^ iir ^anffi Sft^ T:xsnadns Q«a aliiaii%e Analy- 

Jl sunpi»t t£ TKt^i!n^♦r5^!^ .»r^ r«i2i»ti by diis method gare 
•f^ ^?^r —na jC "?inox:iti*. Tlhs^^Boa^ smple gare 63.9 per 
'>:!iL. ;c "imt T-tr^ * ^j^ itf€ M**in'i i Liig ^ai»- Bi^allie manganese, 
aa«i .tiIi:Tlai±iir lii* imunnr :f ixii* ir vxNiId fcMm. For 
tib> TttT'sc* 2}.*^w*t^t^ "fie »Da£a;nS' w^ij ^eaily air-tight, and 
a. Iird»^ 3L«-i>f r^-rSetrr ^im Ifli^ •:IIi^ ^l^soibel abore ; but on 



PETESJCXArrox of xickel 

WtL^ oc: :£&? :r r=r-: rrL-s. 'if. -:•>?* and roast carefully, 
a«l::a.c ciir^^.^iil aLZti •.•tLrct.narrr of azimonia toward the end 
of the or^ran'.flL Tr»si- ri* r.xL?Cie»i c^*? with hTdrochloric 
and nirric aciisw as in zh^ miechod for copper. Cool, and 
add water and hydiwhivrio acid. Pass sulphuretted hy* 
dragon through the solndon : wsLnn. Sher^ and wash. Boil 
the filtrate with one or two crystals of chlorate of potash 
to exi)el excess of sulphuretted hydrogen* and to convert 
the iron present into a sesqui-salt. Treat with ammonia v^ 
excess ; boil, filter, and wash. The solution will contain 
the nickel as chloride. Allow it to stand three or io^ 
hours, and filter off any precipitate formed ; evai)orate to 
drjTiess, take up with sulphuric acid, add excess of ain- 
monia and place the solution in a platinum dish, and 
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treat as in the determination of copper by the battery, 
keeping the solution ammoniacal instead of acid. 

REMARKS. — ^The smallest amount of nickel determined 
by this method was 0.12 per cent. For practical purposes 
it will be found sufficiently accurate, but is liable to error 
in the separation of the iron, some of the nickel being re- 
tained in the bulky precipitate formed ; this may be pre- 
vented to some extent by dissolving and reprecipitating 
the iron. 

SCHEME FOR SULPHUR. 

Sources. — ^Native sulphur, and sulphides of the metals, 
Diore or less pure. The sulphide of iron (pyrite) (FeS,), 
being most used. 

Assay. — ^This is made by distillation, and in the wet way, 
^l^e latter is the best. 

To conduct the first, weigh out a portion of the finely pul- 
"^^rized ore and heat it in a retort, which should be f ur- 
^^hed with a receiver to collect the sublimed sulphur. The 
'^tort may be of glass if the ore is sulphurous earth, but 
^tist be of iron, if pyrites ; the latter should also be mixed 
^th sand, to prevent its fusing together. The heat for 
Pyrites should be full red. 

The product of distillation is weighed and should be 
^^amiiied by the wet way to determine its purity ; hence it 
^ generally better to test the ore by this method at once. 
^^eigh out one gm. of the finely pulverized ore and fuse 
^^th equal weights of carbonate of soda and nitre, using a 
platinum crucible, and adding the mixture a little at a 
le. Keep the crucible covered. Dissolve in water, filter, 
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and wash. If the residue contains sulphur, repeat the 
operation. Combine the solutions, add a little hydro- 
chloric acid, and then chloride of barium in slight excess, 
heat for a few moments, and allow the precipitate to settle. 
Pour off the liquid through a filter, and wash once with 
dilute hydrochloric acid and water, afterwards with hot 
water. Dry and ignite the residue in a weighed porcelain 

crucible. Multiply the weight of the precipitate less that 

1 ft 
of the filter ash by tt^ ; the product equals the weight of 

sulphur in the sample taken. 

Kemarks. — A sample tested by the latter method gave 
32.52 per cent, and 32.55 per cent, of sulphur ; two separate 
weighings being made for the analysis, and the precipitates 
tested to determine their purity. 



PART IV. 



TABLES AND REFERENCES. 



PRECIOUS STONES. 



139 



PRECIOUS STONES. 

ARRANGED ACCORDING TO HARDNESS. 



KAXB. 



Diamond. 



Sapphire 
(Corandam). 



Topaz. 



5oby (Spind). 



^enad(Aqua- 
'^^ne, Beryl). 



Zircon. 






OOLOB. 



0^4 



Tu 



Lapl«i^ 



x-xi^t. 



>!& 



ali. 



I>«.X. 



H&l 



te. 



Colorless, smoky, 
vellow.green, 
blae, iaa black. 



Colorless, blue, red, 

yellow, gray, and 

brown. 



Colorless, yellow, 

blue, ereenish- 

blae. 



Red, bine, green, 

yellow, white, and 

black. 



Green, blue, yellow, 
red, and white. 



Colorless, yellow, 

red, brown, 
pink, and green. 



Colorless, white, 

black, red, and 

green. 



Red, brown, yellow, 

white, green, and 

black. 



Blue, white, yellow, 
and red. 



Blue, red, green, 
and colorless. 



Brown, green, and 
gray. 

Bright green. 



HABD- 

NB88. 



10. 



9. 



8. 



8. 



7.5 to 8 



1.5 



r. 



6.6 to 7.6 



6. 



SPECIFIC 
GBAVITT. 



8.5 



8.9 to 4 



8.5 



8.5 to 4.1 



2.6 to 2.7 



4. to 4.7 



2.5 to 2.7 



8.15 to 4 



2.6 to 2.8 



ACTION OP 
ACIDS. 



6.5 to 5 2.3 to 2.4 



5.5 to 6.5 



8.5 to 4 



1.9 to 2.3 



8.7 to 4 



Not acted on. 



Insoluble. 



Not acted on. 



Insoluble in hy- 
drochloric acid, 
Partly soluble 
in sulphuric 
acid. 



Not acted on. 



Insoluble. 



Insoluble. 



Imperfectly sol- 
uble. 



Soluble. 



Gelatinizes. 



More or less sol- 
uble. 

Soluble with ef- 
fervescence. 



BLOWPIPE CHARAO- 
TERISTICS. 



Bums at an intense 

heat, without 

residue. 



Infusible. 



Infusible, cracks at 
a high heat. 



Infusible, changes 
color. 



Fnses with difficul- 
ty on the edges. 



Infusible. 



Infusible, except 

with carbonate of 

soda. 



Fusible. 



Infusible. 



Fnses with intumes- 
cence and gives a 
white bead. 

Infusible, gives off 
water and be- 
comes opaque. 

Gives off water and 
Fuses. 



SCALE OP HARDNESS. 

^^2asily scratched with the naU, 

^^^^ot easily scratched with the nail. Does not scratch 
* *^X>X>er coin. 



nl«i 






-1=?^ r^^i . i 






c: t>jn. 



e* iin: search 



!af?i^ih 



-!* T 



rke 



j±aiS '^ 



10 










1 ^ fc^-T -rvft-i -p*; 






xr «. 



— % 



EST i. Y* 



Arvs» ^ 






'>;.lru ^oscili 



B--5=-^l- 



vin^J-." 









<^ r 



.'\.^rv. 



1"rT=*ar 



. «\ A-'.USk 



in:?' -^uirv 
It cuuiuit 

.'itUL. 






:3-K»» 
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saoL 

nuumeut.. 

tSifle^;-|naT to 

SBtit.. 

Oidiiri»-tt. T«ririik: T«riiu.it iMombit ^'"^SSSl!*^ Irfn^ite. 



Xhe Talne of tihe TliJic^^l^ mt^tnl*' citamres ac/^xiirdiiig K» tJie 
pTidnctkHi and dezmuid. sar^ in tli^ case of gold "iriDcii Itas 
* standard raJne of TveiiTT d(»llar? and taxrr-seren <>e«nt5 
[>^^ Tnoy ouDc^ in ^rcOd v-< »iiu vli^m jterf t^j pure ; li>e pnoe 
^^^ing detemuned a*- foIl(^v^ : 

By the lairs of iLe Unit-ed Stat^e?^ tbe ooinj»c»ai3oii of lie 
fold coins fc^r ^^e'ly cme lixmdped jiajts. bx vea^t. is d(> 
of pure ^»ld and !(► jiarts (»f alley. 
^Kght hundred dcJlars in Y. S. gr Jd coin veorJis 43 oxmo«i 

»y, — — <sf tids veigiit mnsL tiierefore. be pure £rald= 

^-Tounoesu ,^zr^ = 2(».€718 dollar?; tlds then is the coin 

^"^lue of one <mnoe. 

Bef<»>e the imiD^nse production of slrer depneciaTed the 

^^Ost of that metal a similar calcnlaticm gare its ralne in 

©old coin per Troy ounce. Xo coniparis(»n, hoverer, can 

^o-^ be made, the pric/e of sDver l>eing raiiable. The ralne 

IS dednoed as follows : 



9 

%12.80 alrer C'Oin=ll ounces TroT.-^ of this irises the 

- 10 

pure me!3d=9.9. onnc^es. '['. =1.2929 as the coin ralne of 
pure sHyer. 
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3. Scratches and is scratched by a copper coin. 

4. Not scratched by a copper coin ; does not scratcl 
glass. 

6. Scratches glass with difficulty ; easily scratched wit] 
the knife. 

6. Scratches glass easily. Not easily scratched by tb 
knife. 

7. Not scratched by the knife ; yields with difficulty t( 
the file. 

8. Harder than flint. 

9. Harder still. 
10. Diamond. 

METALS— CHARACTERISTICS. 

INCLUDING CARBON AND SULPHUR. 



XBTAL. 



Lead. 



Antimony. 



Silver. 



Gold 



Platlnnm. 



Zinc. 



Mercury. 



Bismuth. 



Tin. 



Copper. 



COLOR. 



HARDNESS. 



Bluish, malle- 
able. 



Bluish-white, 
brittle. 



White, malle- 
able. 



Yellow, mal- 
leable. 

Whitish to 
steel-gray, 
malleable. 

Bluish-white, 

malleable, 

brittle. 

Tin-white, 
liquid. 

Reddish to 

silver white, 

brittle. 

Like silver, 

more bluish, 

malleable. 

Ked, malle- 
able. 



1.5 



3-3.5 



2.5-3 



2.6-3 



4— *.5 



2. 



— 1 



2-3.5 



4—5 



2.&-3 



SPECIFIC 
GRAVITY. 



11.45 



6.8 



10.5-11.1 



19—20 



16-21 



6.8-7.2 



13.5 



9.7 



7.28 



8.9 



BEST SOL- 
VENTS. 



Nitric or 
Muriatic. 



Aqua regia 



Nitric and 
sulphuric. 



Aqua regia 



Aqua regia 



All acids. 



Nitric. 



Nitric. 



Muriatic. 
Sulphuric. 



Cone, acids. 



ON CHARCOAL, 

BEFORE THE 

BLOWPIPE. 



Fuses and 

gives a yellow 

coat. 

Fuses and 

gives off 

white fumes. 

Fuses, gives 

reddish coat 

with long 

blowing. 

Fuses to a 
button. 



Infusible. 



Oxidizes and 

gives a white 

coat. 



Volatilizes. 

Fuses and 
gives an or- 
ange yellow 
coat. 

Gives metal- 
lic globule 
and white 
coat. 

Can be fused 
to a bead. 



FUSIBILITT, 
CENTIOBADE, 



334° 



425<»-450» 



1000* 



1200«» 



In flame of 
oxj'. h. blp. 



4120 



Solid at 
-39.4° 



268.3<' 



228* 



1100<» 
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XXTAUS. 



Iron. 



Hanganese. 



Nickel. 



Cobalt. 



Carbon. 



Sulphur. 



COLOR. 



Gray, malle- 
able, mag- 
netic. 

Orayish- 
white, orittle. 

Silver-white, 
malleable, 
magnetic. 

Steel-gray to 
red, mag- 
netic. 

Colorless to 
Black. 

Yellow, red- 
dish, green- 
ish, brittle. 



HARDNESS. 



4-5 



9—10 



5-6 



5-6 



Variable. 



1—2.5 



SPECIFIC 
GRAVITT. 



BEST SOL- 
VENTS. 



"SiFSR^^HE'l ^^"BILITT, 
IZ^^lJI. CENTIGRADE. 



7.3-7.8 



7.1—8.01 



8.2-8.7 



8.5-«.7 



Variable. 



2.00 



All acids. 



Nitric, snl- 
phuric, mu- 
riatic. 



Nitric. 



Nitric. 



Insoluble. 



Infusible. 



Infusible. 



Infusible, 



Infusible. 



Infusible- 
burns. 

Melts and 



?ij^ °^ Tuj-i gives off sul- 
pentine,eic. p^^rous acid. 



Highest heat 
of Forge. 



it 



li 



(( 



Infusible. 



111°— 114® 



The value of the various metals changes according to the 

production and demand, save in the case of gold which has 

a standard value of twenty dollars and sixty-seven cents 

per Troy ounce in gold coin, when perfectly pure ; the price 

being determined as follows : . 

By the laws of the United States the composition of the 
g'old coins for every one hundred parts, by weight, is 90 
PQ^rtrs of pure gold and 10 parts of alloy. 

Eight hundred dollars in U. S. gold coin weighs 43 ounces 

^^oy^ -— — of this weight must, therefore, be pure gold=: 



10 



800 



^^•T ounces, ^q-^; = 20.6718 dollars; this then is the coin 

00.7 

^^liae of one ounce. 

^Before the immense production of silver depreciated the 

^ost of that metal, a similar calculation gave its value in 

Sol<3 coin per Troy ounce. No comparison, however, can 

^^vwr be made, the price of silver being variable. The value 

^'^^s deduced as follows : 

9 
^12.80 silver coin=ll ounces Troy,-— -of this gives the 

12 80 
P^x*6 metal=9.9. ounces. ^'^ =1.2929 as the coin value of 

P^re silver. 



9.9 



g— ' ur 



OK CSJJdtX)AL, 

SETOSE THE 

SLOVnPE. 



Infusible. 

_«,i Irfnrible, be- 
amte* mag- 
netic. 

InfnaUe, be- 

come^mag- 

Detk. 

wfcb Infnf iUe, be- 
ccBoesnug- 

Infusible. 

Infuable, 
TvKTkmfor 

L. ~""" ZIDC. 

WTW of SO, 

aodbecooea 

Buenetic. 

Fsees. 

Haenetic 
Globalta. 

InfaaUe. 



,. . =>_ ^ - uncv 



» r, 



mrrs- InfasWe. 

ta. ir^r» .if Bracrlco fot 



' >;'::' . ^' 






c^orof A& 

Beacnonfov 
XL 



'i. .-^i 



*. 



* 1 - 



X- 



Fssestot 
Heiuif maz- 
.kfiUTt^L r^foc sriobole. 
R«actknfor 
NL 

^.i S:T"?" ^aeits. *nd re- 

vrcxwifor Co. 



0:v«»« off As, 
>• ■ * - >- ;j J— 5.J !r:=Tir*raL axd becomes 

.'.»?»»:i-- ..>^— ---"^ ^^ * " Bu^iietiic. 

_ Fusible. 
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ZINC. 



OBB8. 



Blende. 



Smithsonlte. 



Calamine. 



"Willemite. 



Zincite. 



COMPOSITION. 



ZnS 



ZnCO, 



ZnjSK.,+ 



ZnSiO, 



ZnO 



COLOB. 



Variable. 



White to 
brown. 



Variable. 

Green, 

red, yellow, 

gray. 

Bed. 



HABDNB8S. 



8.5-4 



5.5 



4—4.5 



SPECIFIC 
GRAVITY. 



8.9-4 



4-4.4 



8.8-3.5 



8.8-4 



5.4—5.8 



SOLUBILITY. 
SOLVENTS. 



Nitric, and 
gives off HaS, 



Nitric and 
other acids. 
Effervesces. 



Gelatinizes. 



Muriatic acid. 



All acids. 



ON CHARCOAL, 

BEFORE TUB 

BLOWPIPE. 



. Infusible. 
Reaction for 
zinc. 

Infusible. 

Reaction for 

zinc. 

Fnses with 
difficulty. Re- 
action for zinc 

Fusible with 
difficulty. 
Zinc coat. 

Infusible. 

Reaction for 

zinc. 



MERCURY. 



Jfercury. 
Cinnabar. 

Calomel. 



Hg 
HgS, 

HgaCla 



Tin-white. 

Red. 

White to 
brown. 



— 1 



2—2.5 



1—2 



13.5 
8.9 

6.4 



Nitric acid. 
Aqua regia. 

Aqua regia. 



Volatile. 

Volatile,give8 
fumes SOj). 

Volatile. 
White coat. 



BISMUTH. 



Native. 

Sulx>liide. 
-A^rsexiide. 



Bi-S-As 



Sometimes 

withCu.Pb. 

etc. 



Reddish to 
white. 

Variable 

when com- 

blDcd. 



When pure 
metal. 
2—2.5 

Variable. 



When pure 

metal. 

9.7 



Variable. 



Nitric and 

muriatic 

acids. 



«t 



Easily fusible. 



Volatile, giv- 
ing orange- 
yeflow coHt. 



TIK. 



Caasiterite. 



St«txi3iite. 



SnO- 



§^f\snS.. 



Variable. 



Steel gray 
to black. 



6—7 



6.3-7.1 



4.3-4.5 



Insoluble. 



Aqua regia. 



Infusible. 

Reaction for 

tin. 

Gives fumes 
of sulphurous 
acid and fuses 



COPPER. 






See page 91. 



Variable. 



2-1.6 



Native, 8.9 ; 
ores, 4—6. 



Nitric acid. 



Fusible or re- 
ducible to me- 
tal, reaction 
for copper. 
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ffiON. 



ORES. 



Magnetite. 
Hematite. 

Limonite. 

Siderite. 

Dmenite. 

Franklinlte. 

Pyrite. 

Pyrrhotite. 
Chromite. 



COMPOSITION. 



Fe,0, 



FeaO, 



gFe-OjH- 
8H3O 



FeCO, 



FeTiO,+ 
nFeaOs 

(FeO.ZnO. 

MnO).(Fea03 

MnaO,) 



FeSa 

Fe^Sg 
FeCrjO* 



COLOR. 



Black, mag- 
netic. 



Red to 
black. 



Dark- 
brown. 



Variable. 

Iron-black, 

slightly 
magnetic. 

Black. 
Yellow. 



Yellow to 
red. 

Black. 



HARDNESS. 



5.5—6.6 
6-6.5 

6-6.6 
8.5-4.5 

5-6 
5.5—6.5 

6-6.5 

8.5-^.5 
5.5 



SPECIFIC 
GRAVITY. 



SOLUBILITY. 
SOLVENTS. 



49—5.1 



4.5-6.8 



8.6-4 



8.7-8.9 



4.5-6 



4.8-5.1 



4.8—5 



4.5 



4.3-4.6 



Mariatic and 
aqua regia. 

Mariatic and 
uqoar^ia. 



Mariatic, 
warm. 

Soluble with 

effervescence 

in hot acids. 



Aqua regia. 



Warm muri- 
atic. 



Nitric acid. 



Nitric acid. 



Insoluble. 



ON CHARtOAL, 

BEFORE THE 

BLOWPIPE. 



Infusible. 

Infusible, be- 
comes mag- 
netic. 

Infusible, be- 
comes mag- 
netic. 

Infusible, be- 
comes mag- 
netic. 



Infusible. 



Infusible, 

reaction for 

zinc. 

Gives off SO, 
and becomes 
. ms^netic. 
Fuses. 

Magnetic 
Globules. 

Infusible. 



Oxidized ores. 



MANGANESE. 



See page 183. 



Dark-brown 
to black. 



1-6 



8-5 



Cone, muri- 
atic ; gives off 



Infusible. 
Reaction for 
manganese. 



NICKEL AND COBALT. 



Niccolite. 


NiAs 


Oopper-red. 


5—5.5 


7.3-7.6 


Aqua regia. 
Green solu- 
tion. 


Fuses with 

odor of As. 

Reaction for 

Ni. 


Millerite. 


NiS 


Brass or 
bronze-yel- 
low. 


8-3.5 


4.6—5.6 


Aqua regia. 


Fuses to a 
brittle mag- 
netic globule. 
Reaction for 
Ni. 


Smaltite. 


(Co,Ni)Asa 


Tin-white 
to gray. 


6.5-6 


6.4-7.2 


Nitric acid. 
Pink sol. 


Gives off As, 
melts, and re- 
action for Co. 


Cobaltite. 


CoS.j+CoAsa 


Silver-white 
to gray. 


5.5 


6-6.8 


Nitric acid. 


Gives off As, 

and becomes 

magnetic. 


Linnseite. 


00384 


Yellow. 


5.5 


4.8-5 


Nitric acid. 


Fusible. 

Reaction for 

cobalt. 
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CARBON. 



ORBB. 



Diamond, 
GrapHite. 



COMPOSITION. 


COLOR. 


• 

HARDNESS. 


SPECIFIC 
GRAVITY. 


SOLUBILITY. 
SOLVENTS. 


Pore to vari- 
able. 


Colorless to 
black. 


Variable. 


Variable. 


Insoluble. 



ON CHARCOAL, 

BEFORE THE 

BLOWPIPE. 

Hum, leaving 
nn anh, save 
in the case of 
tlie diamond. 



L^ — ■ 



^ ana. 

SnlpHiaes. 



Variable. 



SULPHUR. 



Yellow, 
when pure. 



Variable. 



Variable. 



When pure, 

in bi-sulphide 

of carbon. 



Melt and 

burn, giving 

off SO, ill 

most cases. 



r.*-^ 



T^M-?--*;. 









rnfcsfbi'f. 
Rt-3cr:vo *x 



ReacritK f-r 
Xi 

'•rirr.Vaa;. 

fit!?, andfr 
•ionfor I.V 

i«i N'C^iMri 

w-at-Tiotfr 
cot^tSi- 



MrsiBa 



SILVER — ORES AND MINERALS. 



CJOMPOsmoN. 



Pbr Cent, op Silveb, 
whbn pube. 

ISfattmannite. . Ag.Se 73.2 

Eucairite Cu«Se+Ag.Se 43.1 

Hessite Ag^Te 62.8 

Petzite (Au,Ag),Te 41.8 

Sylvanite (Aii,Ag)Te3 10.— 15. 

Silver Glance. Ag,S 87.1 

8tromeyerite..Ag3S+Cu2S 53.1 

Stembergite. . AgFeiS^ 34.2 

^iaigyrite . . .Ag^S + Sb.Sa 36.7 

I^yiargyrite . .SAg^S + Sb^Sg 59.8 

^i-onstite SAg^S+As^Sa 65.4 

Stephanite . . .SAg^S + Sb^S, 68.5 

firogniardite. .PbS+Ag.S + Sb.Sa 26.1 

I^olybasite . . . .9(Ag,Cu)S + (Sb, As),S3 68. 

l^etrahedrite ( (Cn,Ag).S + (SKAs,Bi).S3+ ) v-iriable 

(Fahlerz) \ (Fe, Zn, Hg)S \ ^ '^™^^^ 

^Jithoconite.(3Ag,S, As,S5) 4 2(3Ag2S,AS.S3) 64. 

*Jteblende. . ..Ag-Sb— S 62.3 

*Veieslebenite.Pb8Ag3Sb3S8 23.8 

5^raigyrite. . .AgCl 75.33 

®l?omyrite . . . .AgBr 57.4 



:.r •. .::t. .Ar CLBr 61.-71. 

• . ^r?- Arl. 46. 



X 



^: :::• :••*> ■ *tifn r. m-aiiiiiiur sDver in small quantities: 

• - :.. PbS. 

= -: ■ ZnS. 

' •■^:'- (^FeS.^ 

••■-■•• Cn.reS:» 

* - • • FeS..*FeAs^ 

PhTe, 

^•:...:'^- PhSe. 

. ^- ■ ■ Ph. Ail Air -Te^SV 

, CnJ^tMS.i^Bi.J^- 

PhS-A5i=S». 

aCutS-AssS^. 

*' " '.>^ T^ sr^N. 'LiftihT^^ Sveeps, etc. 

. Pee Ct Sa^x 

^ Ar Ail ^^nt-rally ■ 

\-iAj: ^ " 1.-33. 

.C:iA^ s.:tTneiiinsl 

....A:::^Bi ^^•5 

-^— Ct.— A5— Bi ^'• 

^ ^ ■•:-.: >.:-fr .A^-ST> ^• 

-^^H - 3?- 

-^H^ *• 

^- '• ■ -~ -■ > . • ' " ..- — A-.Ac Te,— An 5S.-A? 1 
^' • / AaTe,— An-! 






-'W 



• — ■ ^ 



N - * '•- '^ ^^- '^ "^^-^ '^- . .^--^r--?^ Ant*— Ai:^ 



mSB GHAHAfTEEKTICS, l-C 

itire GrcAd AnAir— An f5. — 99. 

dladiiini Gcid— Pnrpezite. .AnPd— An 85.9P— Ag 4.17. 

aodiitm G-old A^tLSd— An 5ft.— 06. 

>ld ^TTtfilfriiTTi kAjuAj^ uB^r—Aji 38.39— Ag5. 

ilificial AQoTS. Gold Ooiil Jewelry, «tc. 

The preoedinr: ]ist does ncit indnde aH of the rare min- 
lis of gold and sDTer : far these the i^eader is referred to 
laa^s Systran of MjnemlagT. 



IIGHT OF OJTE CTEIC TOOT. AXD TOLTICE: OF OFI TOX, 

OF SOMF IMPOETAyT H5F2LAI-S. 

CI mbir foot of wBter=:€S.4 Ibs). 

wEi«irr fi'Bif wsiMHT nnuf 

wTCT^Ai. (IT rrBK rcET ik mikkiui^ or onwr «bet xk 

F<M»T. <»Kl T«rK. FfMVT. OKE TOK. 




Kffilbfe. 15.84 Chklcsopvrite 3B21hs. 7.68 

'Copper pTixteE. ) 
4S5 ** 4.89 

(Barer GliuKje')' " " TetnQiodrhe «» ** 7.14 

fGrmr Goprpes. ) 

rmgrrite aeS '^ 5.S8 

(RiKr surer.) Galenhe 4C1 ** 4.M 

(Galena.) 

roBBthe 886 *' 5.K 

(light EalnrfiOTer. ) Splialeiite 24» - S.OR 

I (Blende. ) 

tephanite 8&6 " 5.1S 

(Black ffilTer. ) j Pvme 812 <* (^41 

(Iran Pviites.) 

Qii^Tiite 8^ " 5.80 

(Bom Slrer.) limeskme 174 ** 11.50 

(CaJcite.) 

tibnite 287 " 6.99 (Dolomite.) 

(AatimoiiT Glance. ) 

Kaolin Ite *• 1S.84 

htaiimL. 549 " 3.64 (Clay.) 

KoTE. — The rallies giren above aw for the pure minerals, and can ho oK 
■bed by mnlUpljing the weight of one cnbie foot of water br the sj^ocific 
pifilT of the mineral ; the product =the weight of a cubic foot of the min~ 
^ or ofe ; 2000 dirided br thisrr volume of one ton. 
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TXVLJ3 AXD KEFEKETCES. 



MINOR COINS. 



Five cent piece 
Thrfje " " 



77.16 grains 

32.0 

48. 



;( 



corss OF 


THE LMTED 


STA1 


rES. 


(Bj Act of Caagrew. Ftbruarj 1±. IgO^i 






«;oLD coiy>. 




I>E3fOMnJAT10!f. 


Weight. 


FcrEXESs. 


I>f>llar, unit of valne 
QiiartCT Eagle,$2.50 
Thrf?e dollars 


25.8 grains. 
64.5 •• 
77.4 


900. 


Half Ka^le, «5 

Eagle, ^V) 

Double Eagle, $20 j 


129.0 •• 
258.0 •• 
516.0 •• 

SLLYHR COi:XS. 


kk 
6i 


Dollar, 

Half Dollar, oOc. 
Quarter '' 25c. 
Dime, 10c. ; 


412.J grains. 
192 

96 

38.4 ^- 




900. 

44 



; Cu 75^, Ni 25^ 

, 44 (4 (4 (( 

' Cn 95^, Sn and Zn 

_5M3^SnJ^) 



MEASURES OF WEIGHT AXD VOLUME. 

AVOIRDUPOIS WEIGHT. 

Used for weighing bane metals, as lead, antimony, tin, etc. 

15 Drams (dr.) make 1 ounce, marked ot 

10 Ounces make 1 pound, " lb- 

25 Pounds make 1 quarter, " 3^* 

4 Quarters make 1 hundred- weight " cwt. 

20 Hundred- weight make 1 ton ^' *• 

TROY WEIGHT. 

« 

Used for weighing precions metals, as gold, silver, etc 

24 Grains (gr) make 1 pennyweight. . . 

20 Pennyweights make 1 ounce. 

12 Ounces make 1 pound 



" dwt. 
" lb. 



I 
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FRENCH OR DECIMAL WEIGHTS. 

Used in weighing all metals. 



lO IMilligrammes (mg.) . .make 1 centigramme. . marked eg. 

lO Centigrammes make 1 decigramme. . . 

lO Decigrammes make 1 gramme 

lO Grammes make 1 decagramme . . 

lO Decagrammes make 1 hectogramme . 

lO Hectogrammes make 1 kilogramme. . . 

lO Kilogrammes make 1 myriagramme. 

Tlie nnit of the system is the gramme =15. 432349 Troy 
gra^xusjor the weight of 1 c.c. distilled water at 60° F. 



dcg. 

gm. 

dkg. 

hg. 

kg. 

myrg. 



ASSAY WEIGHTS. 

■w- , (4 Assay Tons =116. 66666 grammes. 

^^P^^^ 1 2 Assay Tons= 58.33333 

Unit. . . The Assay Ton (marked A. T. ) = 29. 16666 

fl-3 Assay Ton= 9.7222 

®>il>-Divisions 



a 
a 



1-6 " " = 4.8611 



u a — o oi«« u 



1-10 " " = 2.9166 
1-20 " " = 1.4583 



a 



LIQUID MEASUEE. — UlSriTED STATES. 

'^ Grills (gi.) make 1 pint marked pt. 

^ I^ints make 1 quart " qt. 

'^ Quarts make 1 gallon '' gal. 

LIQUID MEASUEE. — ^FEEI^CII. 

■*-^ ^^lilliliters (ml.) make 1 centiliter marked cl. 

■^^ C^entiliters make 1 deciliter " del. 

^^ l)eciliters make 1 liter '' 1. 

^^ liters make 1 decaliter " dkl. 

^^ l)ecaliters make 1 hectoliter '' hi. 

^ I[ectoliters make 1 kiloliter '' kl. 

I^lie unit is 1 liter= 61. 027052 cubic inches, or 1.760773 
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CUBIC MEASURE. — ENGLISH. 

1728 Cubic inches (c. in.) make 1 cubic foot, marked cu. ft. 

27 Cubic feet make 1 cubic yard ' ' c. yd. 

16 Cubic feet make 1 cord foot.. " c. ft 

8 Cord ft. orl28 cubic ft. make 1 cord " c. 



CUBIC MEASURE. — FRENCH. 

1000 Cubic centimeters (c. c.) make one cubic decimetei^ ^^ 

litre, marked 1. 
1000 Cubic decimeters make 1 cubic meter or kiloli^>^^' 

marked kl. or cu. m. 
Otherwise the cubic measure is the same as liquid. 



COMPARISON OF UNITS. 

1 Meter * =39.37079 inches. 

1 Are =(393.7079)'=155005.91 sq. inch^ -^s. 

1 liter =(3.937079)»=61.027 cubic inches^s^- 

1 Pound Avoirdupois. ..=7000 grains Troy. 

1 Pint, U. S =28.875 cubic inches. 

1 English ton (2240 lbs.) =15, 680, 000 grains. 
1 Short ton (2000 lbs.). . =14,000,000 grains. 



SPECIFIC GRAVITY. 

The specific gravity of a body is the weight of that b(^^ iy 
as compared with the weight of an equal volume of anot^fcer 
body, assumed as a standard. 

The standard for solids and liquids is distilled wat^^i*; 
for gases and vapors, dry air and sometimes hydrogen. 
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All determinations must be made at known temperatures ; 
dis for solids and liquids is 60° F. 

Gases and vapors may be observed at any known temper- 
ture, and the volume reduced by calculation to what it 
rould be at 60° F. 

Formulae for the determination of the specific gravity of 
olids and liquids : 

a. Solids. 

1. The substance is heavier than water, and insoluble in 
t. Weigh it in air and then in water : 

Let the weight of the substance in air=W. 

Let the weight of the substance in water= W. 

W 

The specific gravity =.^^^^ — ^^^^ 

2. The substance is heavier than water and Jiisoluble 
Q it : 

Fill a flask to any fixed mark on the neck, with water, 
ind weigh ; the weight =:W^ W= weight of the substance. 
?lace it in the flask and reduce the water to the same level, 
;lien weigh the flask, plus substance and water left. Let 

:liis weight =W. 

W 

The specific gravity: 



(w+wo-w. 

3. The substance is heavier than water, but in fragments, 
lud is insoluble. . Use the same method as in 2. 

4. The substance is heavier than water, but soluble in it: 
Weigh in some liquid of known specific gravity in which 

/ is insoluble, in place of water. Calculate as follows : 
Weight of substance in air=W. 
Weight of substance in liquid =W'. 

Specific gravity of liquids S. 

Specific gi^vity of water =1. 
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TABLE OP VALUES FOE GEAIN WEIGHTS. 
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MULTIPLICATION TABLE FOR GOLD. 



20.67X1=20.67 20.67x4= 82.6 



20.67x7=144. 



eo 



20.67X2:^41.34 20.67X5=103.35 20.67x8=165- ^^ 

30.67X3=62.01 20.67x6=124.02 20.67X9=186- <^^ 

1)4134. 
soe.7 
165.30 
12.403 added will give 
$4518.462 per ton of 9)00 1** 
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3. By means of the -hydrometer, which is an instrument 
tha.t, placed in a liquid, shows its specific gravity by dii^eot 
^^^^spection. Its action depends upon the simple principle 
tlxat a floating body displaces its own weight of liquid. 
-Hydrometers vary in construction according to the pur- 
I^oses for which they are to be used, but are generally made 
light glass tubes with bulbs, blown in a single piece ; the 
^ight desired being given by means of small shot or mer- 
^vrxy placed in the bulb at the lower end, which is after- 
'^^a.rds carefully sealed. 

The graduation may be made according to the true scale 
^^f specific gravities or arbitrarily; the first is, of course, 
^•^^ciost desirable and generally employed. For commercial 
I>vi.Tposes the Baume scale is often used ; it is arbitrary, and 
i^ determined by marking the point to which the instrument 
siixks in pure water " 0, " and the point to which it sinks in 
Solution of 15 parts of salt in 85 of water, ''15," tlie inter- 
being divided into 15 equal parts. For specific gravity 
gases and vapors, see Watts' Dictionary of Chemistry, 
. v., page 360. 

THERMOMETERS. 

iThree scales are now in general use. These are : 
L Centigrade — C. Water freezes at 0°, boils at 100°. 
S. Fahrenheit— F. " " 32", " 212°. 

^. Reaumur— R. " '' 0% " 80°. 

"To Convert— F. to C. ?(^^:^)=C.° 



QC "" 

C. to F. — ^ +32°=:F.^ 
o 

QR ° 
R.toF. -:~ +32°=F. 

4 



> 



Formulae. 



■ -■:■ < 



;. » 



a' 



::'■ -ii 






1 .■ I 
1 - ■ . 



-t 



• - - ' ^ Q 



— Tr ^ ii-L:*:. IT-... zTSr 



♦-»^> rs'i 't: ::!r :: iXK^J-*^ 
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TABLES AND KEFEBENCES. 



QUANTITATIVE REPORT. 

(For Reference.) 



New York, 



.18 



Report of 
Analysis of 



Determination of 
Weight taken 
Method of Analysis. 



Precipitates. 



Actual 
Weights. 



Constitnents. 



Calculated 
Weights. 



Percentages. 



Theoretical 
Percentagefi- 



Special Remarks 



BLA^E BEPOBTS. 
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t 

B 




True 
Percent. 




• 

o 

i: 

n 


Average 
Percent. 




• 

g 

o 

ki 




Character. | Weight. 






: 6 
< 


Color. ! Character. 

1 






f TIME. 


OS 



H 

u a 
V o 

• 








No. of 
Aasay. 




OS 

xa 
o 

00 
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P 



Qt2 

C3 
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TABLES AXD REFERENCES. 



IROX— CRUCIBLE ASSAY. 



Ore — Marked 










Mineral Character 








Com])osition 








Alumina 


per cent. 






Silica 


(( 






Lime 


n 










No. 1. 


K"c 


..2. 


Charge — Ore 




Gms. 




Gms- — 


Silica 








a 


Lime 








a 


Glass 




' 




a 


Kaolin 








u 


Fluorspar 








a 


In fire — 




Hours. 




Hours* - 


Slag, Color 






App(»arance 










Button, Wt. 


Gms. 




Gm^- 


Character 











Remarks 



REPORT. 



Assay 
No. 1 
No. 2 

Average 

Sample Averaged on 

Dated 

No. 



per cent Iron. 

U U (( 



(( (( (( 



lbs. Ore 



Signed 



BLANK EEPOETS. 
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^LVER AND GOLD— CRUCIBLE ASSAY. 



; — Marked 

Mineral Character 
educing Power 

irge — Ore 

Litharge 

Garb. Potash or Soda 
Borax Qlass 
Silica 

Charcoal or Argol 
Nitre 
Salt 
fire — to fusion 

after fusion 
g, Color 

Appearance 
ad Button, Wt. 

Character 
)rification — Fluxes 

Wt. after 1st. 
** ** 2nd. 
pellation — Silver and Gold 
Gold in Ore 
Silver 

Silver in Litharge 
Silver in Ore 



Gms.= Gms. Lead. 



No. 1. 


No. 2. 


A. T. 


A. T. 


(( 


(( 


t( 


(( 


ti 


*( 


n 


(( 


Gms. 


Gms. 


(( 


it 


((. 


ti 


Mts. 


Mts. 


(( 


(( 


1 Gms. 


Gms. 


Gms. 


Gms. 


(( 


(( 


Mgs. 


Mgs. 


(( 


(i 


(( 


4( 


(( 


ts 


(( 


4( 



marks 



REPOKT. 
Contained In 2,000 lbs. Ore 

Gold 



say 

. 1. 
.2. 


Gold 
oz. 
oz. 


Silver 

02. 
02. 


Total 

02. 
02. 


erage 

3aple Averag 
Dated 


oz. 
;ed on 


02. 


02. 

Ore 



Signed 



Silver 



Total 



8 



160 



TABLES AXD REFERENCES. 



SILVER AXD GOLD— SCORIFICATION ASSAY. 



Ore — Marked 

Mineral Character 

Charge — Ore 

Test Lead 
Borax Glass 
Silica or Glass 
No. of Scorifiers 
Seorification 
Slag — Color 
Appearance 
Button — Character 
Weight 

" after 2nd Scor. 
" " 3rd 

** 5th 

Cupellation 

Gold in Ore 

Silver 

Silver in Test Lead 

Silver in Ore 
Remarks 



(( 



(( 



(< 



No. 1. 




No. 2. 



(( 



(t 



jMgs- 



REPORT. 



Contained in 2,000 fbs. Ore. 



Assay 


Gold 


Silver 


Total 


No. 1. 


oz. 


oz. 


oz. 


No. 2. 


oz. 


oz. 


oz. 


Average 


oz.i 


02. 


oz. 


Sample Averag 


fed on 




Ore 


Dated 








No. 






Sicrned 



Gold • saver 



$ 



! I 



$ 



$ 



To 

$ 



BLANK REPORTS. 
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GOLD BULLION ASSAY. 



oy — ^Marked 

pper Assay 
Bullion 
Iiead 

Gold and Silver 
Base metal 

say proper 
Cnpellation 
Bullion 
Silver 
Lead 
Copper 

Parting 
Comet 

Silver retained 
Gold 



No. 1. 


No. 2. 


Mgs. 
Gms. 


Mgs. 
Gms. 


Mgs. 


Mgs. 


Mgs. 


Mgs. 


Gms. 


Gms. 


u 


(( 


Mgs. 


Mgs. 


ii 


u 



^marks 



REPORT. 



"o. 1. 
C3. 2. 

-"^^rage 
^st-fced 



Gold. 


Silver. 


Base Metal. 


" Pine 


Thds. 


Thds. 


(C 


(( 


(( 



Signed 
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SILVER BULLION ASSAY. 



Alloy — Marked 

Cupellation 
Bullion 
Lead 
Silver 

Correction for Loss 
Fineness 

Volumetric Assay 
Bullion 

Normal Salt solution 
Decimal '' " 

Total 
Decimal Silver solution 

Total Salt 
Equivalent in Silver 

Fineness 

Remarks 



No. 1. 

Mgs. 
Gms. 

Mgs. 


No. 2. 


Gms. 
100. c.c. 


GrXXIS. 
100. <3 .c. 




4. ( 


Gms. 
Thds. 


4. fc 

Gf-xns. 



Assay 

No. 1. 
No. 2._ 

Average 
Dated 



No. 



REPORT. 

Silver. 



Fine. 

a 
a 



Signed 



Co pper ^ ^^' 

rp j3 ds. 




Calculate the charge for 
Percy's slag. 
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PROBLEMS AND QUESTIONS. 

ft 

H . What would be the best method of assaying a poor 

gentif erous sulphide of antimony for the silver ? 

2. Explain the derivation of the assay ton, and calculate 

I weight for England and the United States. 

S. An iron ore contains by analysis — 

Bnica 6.61 per cent. 

Alumina 0.55 " 

lime 4.68 " 

Magnesia 1.37 '' 

Answer : 

Silica 0.894 

Kaolin 1.890 

lime 2.395 

4. What is the theory of the lead assay ? 

5. Describe the operations, and the theory of the scorifi- 
tion assay for silver ores. 

6. What would be the best method of treating a pure 
>n pyrites containing gold ? 

7. Mention the reagents employed in the crucible assay 
silver ores, and the action of each. 

B. Given an ore containing, gold 0.0925 grains in 6 Troy 
► ; silver, 0.046 grains in 6 Troy oz. ; which has a reducing 
►war of 2=14 of lead. Calculate the best charge for assay, 
-d give the value in ounces per ton. 

Answer : Roast. Charge of ore, 4 A. T. 

Silver 0.466 oz. 

Gold 0.936 " 

9. 50 gms. of an ore, sifted, gave 2.59 scales and 47.40 
ns. sittings. The scales, melted down with lead, gave a 
Ltton of 35 gms. 10 gms. of this button yielded, silver 
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4.5 mgs. ; gold 1.3 mgs. J A. T. of the siftings yielded 
silver 6.95 mgs. ; gold 1.86 mgs. Required the value of 
the original ore in ounces per ton. 

Answer : 

Silver 28.96 oz. 

Gold 7.92 " 

10. An alloy cupelled, gave 0.9848 gms. of silver in one 
gramme. Added in the volumetric test : Normal salt, 100 
c.c. ; decime salt, 5 c.c. ; decime silver, 2 c.c. : 99.7 c.c. 
normal salt=l gm. of pure silver. Calculate the weight of 
the alloy taken for volumetric assay, and the fineness. 

Answer: 

Weight taken for assay =1.0154 gms. 
Fineness 994.71. 

11. Calculate the charges for the following reducing 
powers, the charge of ore being one assay ton : (2 gins.= 
16.5), (2gms.=0.42), (2gms.=5.2), (2gms.=1.2). 

Answer : 

1. Roast. 

2. Argol, 1.5 gms. 

3. Nitre, 11.5 " 

4. Right size. 

12. An ore contains : 

Gold 5.8 " ) ^ 

Lead 15 per cent. 

Also sulphur, antimony and iron in quantity. How should 

it be assayed ? 

13. One gramme of an alloy, cupelled and parted, ga^® 
silver, 984.2 mgs. ; gold, 8.4 mgs. Wet assay. 



^.dded normal salt liX^ o.o. 

3eciine salt 18 

•• silver 3 



«« 



«« 



iort:li of normal, 101.2 c.c. =1 gramme pure silTer, C^l- 
e the fineness of the bullion, 

Lswer: 

Fineness =983. 28. 

Describe the reactions that take place in the nickel 
?obalt assay, arsenide method. 

Name eighteen principal reagents used in the various 
rs, giving composition of each. 

Describe the advantages and disadvantages of the 
ssay, lead assay, iron assay, etc. 

Mention the ores of lead, tin, iron, silver aiul 

• 

A sample presented for assay gave, on being pxjlver- 
and passed through a sieve of 80 meshes to the linear 
, the following weights : 

A. Sifted ore 1458.32 gms. 

B. Scales of metal 40.75 " 

C. Total 1499.07 gms. 

being known from the mineralogical composition of 
sample that it was a rich ore, J A.T. was taken for an 
y of the sifted portion (A). The residue of metallic 
3s, etc. (B), was scorified with test-lead, and yielded a 
on weighing 60.35 gms. This button was rolled out, 
two average samples of 10 gms. each, were cupelled, 
le following results were obtained from the complete 
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Eesult per 2000 lbs. Ore. 

SUver 1154.71 oz. at $1.29 $1489.58 

Gold 0.97 oz. at $20.67 20.04 



Total bullion 1155. 97 oz. $1509. 62 

19. An ore of nickel, cobalt, and copper gave the fol- 
lowing results from five gms. of the original sample : 

a. Weight of arsenides from fusion 2.467 gms. 

h. " " arsenide of cobalt, nickel, 

and copper 1.246 '^ 

c, " " arsenide of nickel and cop- 

per 0.542 " 

d. " " button of copper and gold. . 0.421 '' 
€. " "gold added 0.150 " 

Calculate the i>er cent, of nickel, cobalt, and copper in the 
original ore. 

Answer: Cobalt 8.659 per cent. 

Nickel 1.993 " 

Copper 5.420 " 

20. Given, an ore of zinc : 

10 gms. of crude ore gave of calcined ore 8.33 gms. 

-R,! ^^ ^ (Kaolin 1.00 '' 

J^ laxes added... jj^^^ 0^40 .. 



Total 9.73 

height of iron buttons from fusion 4.53 " 

" " slag " " 1.63 " 



Total 6.16 '' 

Calculate the oxygen for the iron, the oxide of zinc con- 
^^^^ed in the ore, and the equivalent per cent, of zinc. 

Answer : Oxygen 1.94 per cent. 

Oxide of zinc... 16.60 " 
Zinc 13.32 " 
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21. Given an ore of iron which contains more than i8 
required of one of the ingredients of the slag, or the sili^^a 
introduced with the kaolin, when added to that alrea.<3y 
present, increases the quantity beyond the necessa-^y 
amount. Required to make up a new slag with the excels s : 

The ore 10 grammes ore -R-rtni-o^ Difference ^ to 

contains p. c. contain xieqmrea. beadciet*^. 

Silica 25.96 2.596 2.50 —0.0^6 

Alumina 6.92 0.692 1.00 0. ^08 

Lime, MgO, etc. 7.59 0.759 3.00 2.^-il 

KaoUn (AUO, J, SiO,.^) required to furnish 0.308 A1,0, 0. ^16 

Silica contained in 0.616 kaolin 0.308 

Silica in excess in ore 0.096 



Total excess of silica 0.404 

Add fluxes to make up with this excess more slag of c 
position as above : 

Excess. Required. ^'^''^de'd!^ 

Silica 0.404 2.50 2.096 

Alumina 1.00 1.000 

lime, mag., etc. . . 3.00 3.000 

Kaolin required to furnish 1.00 A1,0, 2.00 

Silica contained in 2.00 kaolin 1.00 

Silica to be added, 2.096-1.00 1.096 

Total material to be added to the charge : 

Smca 1.096 

Kaolin. . . .0.616 + 2.00 2.616 

Lime 2.241 + 3.00 5.241 

22. a. How much water should be add6d to 6 litres o 
salt solution to make it normal, when 98.6 c.c. of the soX 
tion precipitates 1 gm. of pure silver % 

h. How much salt should be added to 6 litres of a 
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solution to make it nonnaL when 1O0.6 c.c. precipitates 
1 gnL of pure sQrer ! 

a, 85.09 CjC 
&. 0.1d3S gm& 
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NIPULATION, FORMULA AXD CAUUILATtON. 

he various operations of weighing, mixing, ohnrgltig, 
, have already been described nndor t\\o\r «]>|)h)|»ilittM 
ds ; and it only remains to give a few hIntN on opnHi- 
is peculiar or necessary in the performanco of iiMHttyrt hi 
wet way, or analyses. 

Precipitation. — ^This operation is the suddpn c^orivr»rFiloti 
1 dissolved body into the solid stat<3, eithf^r by n t nor 11 
tion of the solvent, or decomjxjsition with t)u' fffViimtUm 
I new compound. 

lie sei)aration of a precipitate in gen^rrally «1/I*^/| by ih^ 
on of heat and agitation. 

'orcelain and glass vessels will \}H foTind th^? >?^?tt. 
a adding the necessary reagent j/^mr in fffrfrtttUy ritffit 
precipitate ceases to form : nnles^ ^/th^^rwi^ fiir^'^f^l^ 
excess of the precij^tant should generj^IJy >/^ ftvovU'^]. 



iLTEATio3r. — ^T!ks oreratlon ha.^ for i*^ ^^ie/-*- t},<- ^^t*/! 
on of the ^jlzxl rarir:ef» ^n^-c^n^^^; ir, 5» ffoyJ. frfV» ^h^ 

quarrer?. ^j *liar :r fill ^nsr ir '.x\r,\ % ■ \-r\r\^*\ ;»r»'I rs^r' 
ect abov.* rher Tim. P »r inanrltAr^-^ r->rV *n^ w-vifM 
dish filter paper ^11 ^^ f«>nTifJ "-le '-^''-^ > j^^^mM s^* 
inro t!ir»?TiIar "jip^ft* jW* i^'^**^:^^. ^':r^'-* j^^.n!^! /• '/f f 
stanr ^ize ro ^riir 'he r'nTm^-r^ ^r*^! >.^ ^f^i^. <'f* >/ v'^n 
one '.'f rhe ^amf^ ^rp-fnil^* !^rHr:r.in^r« iy./.^ i/* » "ill 
OTuid best "To :nnii=iT*-n ■!,!> ">^t>>r p-'j^ .'vt^.-i» ,/■<', f 'fU/.f- 
and ro tjout )n ir^r ^h*?* :?r;!Vr yr^'/ a j' K/. ..i*,-f'*f!^' 

e filtered. 

♦-I«iar liquor 'vin;^ >^»^.-»'^ ^-^ ''^'^- ' -'• /f'*^ 
ct this rhe liaui*i ..* -jt^rr.y.rr^ ■ ^A :^«»Tir 
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held against the spout of the vessel, which should be 
clined gently, so as not to shake up the precipitate. 

Washing. — Tliis is best effected by using a glass flask, 
fitted with a cork, in which is inserted two glass tubes, orLe 
reacliing to the bottom of the flask, and bent to any desired, 
angle on the outside, the end being drawn to a point. Tlxe 
second tube reaches to just below the cork, and is also bent 
on the outside, but not drawn to a point ; by blowing in 
this tube the water is expelled through the first. Warm 
water will be found the most effective. The completeness 
of the washing may be tested by evaporating a small pox- 
tion of the filtrate on platinum foil, and noting the residixe. 

Evaporation. — Porcelain dishes are the best for tlxis 
operation ; but if the solution is to be evaporated to dry- 
ness it should be conducted over a water bath. A sand ba.t;h 
may be used, but care should be taken to prevent loss loy 
spattering. 

Ignition. — The washed precipitate, after being dried, is 
Ignited to completely expel all moisture, or convert it into 
a constant or weighable substance. This is best conducted 
by transferring to a weighed porcelain crucible, and burning 
the filter paper over it, either on the inverted cover, or by 
wrapping it in a coil of platinum wire and holding it overtb^ 
crucible. The ash should be heated until white, or nearly 
so. The whole operation must be conducted over a piece 
of glazed paper until the filter paper is burnt, after which 
the crucible and contents should be heated over a burner or 
lamp ; gently at first. After ignition the crucible and caH' 
tents should be cooled in a desiccator, to avoid absorption 
of moisture from the air. 

Formula and Calculation. — The general methods of 
calculation have been given under the various assays, bu* 
it will be well to bear in mind the following : 
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1st. The equivalent of the coini>onnd found is to the 
equivalent of its constituent which is sought as the weight 
of the compound is to the weight of the constituent. 

2d. The weight of the substance taken for ass;iy is to 
tlie weight of the constituent sought as one hundred is to 
tlie per cent, of the same. 

The equivalents (atomic weights'^ will be found in the 
table on page 14. The equivalent of a compound l^eing 
equal to the sum of the equivalents of the constituents 
of the same. Thus, H-SO* (sulphuric acid"^ is equal to 
2+32+64=98. The equivalent of hydrogen (H) being 1, 

sulphur (S)=32, oxygen (0)=16. Two parts of hydrogen 

being 2, four j>arts of oxygen=64. 



BLOWPIPE ANALYSIS, APPARATUS AXD 

REAGENTS. 

The assayer will find that a knowledge of the proper use 
of the blowpipe wiU prove a great saving of time and 
labor, by enabling him to more fully underatand the char- 
acter of many substances presented for assay, wliich lie 
could not otherwise deteimine, save by qualitative analysis. 

The first and most important thing in blo\vpij>e analysis 
IS to learn to blow and breathe at the same time, without 
removing the mouth from the instrument or interrupting 
tile blast ; this can be done by filling the inoutli with air 
^d breathing through the nose, expelling some of the air 
^to the mouth at each breath. 

The blowpipe flame consists of two distinct portions. 
Ist. The outside or oxidizing flame. 2d. The inner blue 
pone, the point of which is the hottest part of the flame; 
Its action is reducing. This flame is obtained by putting 
t'^e point of the blov^Tpipe about one-quarter of the way 
^to the lamp flame. The true reducing flame is entirely 
yellow, the blowpipe point being'held just outside of the 
^p flame. 
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The substance to be tested should be fmely powdered 
and treated : 

Ist. Ou charcoal, in both flames. 

This is best done by making a small hole in the right- 
hand comer of the coal, nearest the himp, placing a httle 
of the substance in the same, and testing tii-st with the oxi- 
dizing and then with the reducing flame, noting the action 
of ea*h, the formation of fumes, their odor, the fusibil- 
ity of the substance, and the color of the coating formed, 
its distance from the assay piece, etc. 

The holes in the charcoal should be bored on the edge ot 
the grain to avoid splintering. Blow across the coal. 

2d. K the substance treated gives off fumes on charcoal, 
test a little of it in a closed and open tube succeBsively, 
first alone, and then in the closed tube with a little carbo- 
nate of soda. Note the coating or mirror foimed, the color 
and odor of the fumes ; also decrepitation, change of color, 
etc. Heat over an alcohol lamp. 

3d. Test the substance with the borax, salt of phos- 
phorna, and soda beads successively ; this may be done on 
platinum wire or, if She substance be metallic, on charcoal. 
To make the proper sized bead, bend the end of the wire 
into a loop on the point of a sharp pencil, dip it into the 
reagent and melt before the blowjiipe until a clear, good 
bead is formed, then add the substance and heat, first in 
the oxidizing and then in the reducing flame, obseiTing tie 
color and appearance of the bead in each flame. 

4th. Apply special tests, as the color of the flame, the 
action of nitrate of cobalt on the coat formed on charcoal; 
adding the cobalt solution and then heating. If tlie siib- 
stance is not metaUic, its fusibility and the color of the flame 
can best be noted by testing in the platinum-pointetl for- 
ceps. By moistening the material with hydrochloric acid, 
and bringing it into the tip of the blue cone of the blow- 
pipe flame, the coloring power is lieightened. 

To get the methods of performing the above operatioM 
the following substances will serve as type examples : 
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test blowing and flames : oxide of manganese and 
ybdic acid, binoxide of tin on charcoal. 

test on charcoal : lead and antimony. 

3 test in the matrass or closed tube : cinnabar and ar- 

c. 

3 test in the open tube : stibnite, sulphur, and arsenic. 

) test with the beads : 

3rax bead, oxide of copper. 

lit of phosphorus bead, oxide of copper and sesqui- 

Le of iron. 

>da bead, manganese and chromium compounds. 

CHAEACTERISTIC TESTS. 

)tassa, colors the flame violet ; best seen through a blue 

^ which shuts off the soda flame. 

►da, reddish-yellow flame ; solution colors red litmus 

u' blue. 

thia, carmine-red flame. 

mmonia, colors red litmus-paper blue, pungent odor. 

iryta, burnt with alcohol gives a yellowish-green flame ; 

nel- white bead with borax. 

Tontia, crimson flame ; reaction with borax bead, same 

aryta. 

ime, colors the flame feebly red, becomes caustic and 

vs when heated. 

[agnesia, gives with nitrate of cobalt a pale flesh-color, 

sr long blowing ; best seen in platinum-pointed forceps. 

Jumina, gives a fine blue color with nitrate of cobalt. 

ilica, in S. Ph. bead gives a semi-transparent skeleton 

ting in the glass. 

>xide of antimony, on charcoal, is reduced and gives 

ite fumes and coat, also greenish -blue flame. The fused 

tal smokes after the removal of the blowpipe. 

^senious acid, with soda on charcoal, gives white fumes 

1 garlic odor. In the closed tube, a metallic mirror. 
)xide of bismuth, on charcoal, is reduced to metal, and 
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gives an orange-yellow color. A compound of bismxiiSi 
treated with a mixture of sulphur and iodide of potassinn?, 
on charcoal, gives red sublimate of iodide of bismuth. 

Oxide of cadmium, coats the coal with a reddish-broTni 
powder and variegated tarnish. 

Oxide of chromium, with soda in the O. F. gives a yel- 
low glass; in R. F., green on cooling; with S. Ph. bead, 
emerald-green. 

Oxide of cobalt, on charcoal, becomes magnetic. With 
borax and S. Ph. beads, smalt-blue glass. 

Oxide of copper, metallic button on charcoal. With 
borax bead, green glass, blue when cold ; red in E. F. ; 
with salt, chloride of copper is formed, which gives blue 
flame. 

Oxide of gold, with borax on coal, easily reducible to 
metal. 

Protochloride and bichloride of tin, when mixed, pro- 
duce, even in very dilute solutions of gold, a purple pre- 
cipitate, known as purple of Cassius, which is insoluble in 
dilute acids, and may therefore be produced in very acid 
solutions. The gold solution should first be mixed with 
bichloride of tin, and the protochloride then added drop 
by drop. 

'* A very delicate method of making tliis reaction is as foUows : Sesquichlo- 
ride of iron is added to protochloride of tin, until a permanent yellow color is 
produced ; the solution is then considerably diluted. The gold solution hav- 
ing been likewise very much diluted, is poured into a beaker, which is placed 
on a sheet of white paper ; a glass rod is dipped into the tin-iron solution, and 
afterwards into the gold solution, when, if even a trace of the precious metal 
is present, a blue or purple streak will be observed." (Abel and BIoxehl) 

Oxide of iron, on coal^ becomes magnetic. Borax bead, 
red to yellow on cooling ; in R. F., bottle-green; with tin 
on charcoal, vitriol-green. 

Oxide of lead, reducible to metal on charcoal with sul- 
phur-yellow coat and blue flame. 

Oxide of manganese, with soda, on cooling, bluisli- 
green. With borax, amethyst bead, colorless in reducing 
flame. 



BJ»'«T»ipr A3fAiT-i^ rrc- 17i> 



Oxide of mervujy, Tclsd> ^n cLizrvial Tn^Taiiio mirr-.c 
^th soda in ckts^d ralife. Tridcii T:ii5T*e< iriiri p.4d-ir^. giv- 
ng it a white color. 

Molvbdie acid, with S. PIl. T-L>irish irpe^en, and <N>L>r- 
.ess when cold- The i"^^i <Zi «>:cl; rie^x^TL^s 2tv«i "i^n o»Iinii- 

Oxide of nickeL ■'•n ^-ii^trcrttil yk-i-is a TTiftrnitrric j«>wder. 
Borax bead« reddi*h-l:»r:«wii in O, F. Grav and ck'ndv in 
R. R 

Oxide of silver, on ohair-ciaL r^lu^yiVi^ lo meraL With 
Dorax, opalesoeni or miik-TrL:i.e iias*. In O. F. k^u char- 
X)al, brown coat- 
Oxide of tin. redncil'ir- '.'H oiiiijr--:«ai !-:• metaL Gives 
p^ellow coat, whit-e when <•o^L Wiih <-':*lia]T 5-.«liiri'.«n *-«n 
charcoal in O. F.. give- a l']uirh-2T*:ten o.Cor. 

Titanic acid, with salt oi i.'h«-»?j«ii«>rus l^ead in R, F., a 
Sne violet color. 

Oxide of zinc, vellow rvrat on c<iaL while when <X'lvi. 
With cobalt solntiv»n. green in O. F. 

Chlorine, with oxide 'I'f c-:»pi>er in bc«rax bead, a fine 
izore-blne flame. 

Iodine, with s^.«da, or l^etter. bi-snlpthate of porasli in 
tnatrass, violet fume*?, which tum starch jiaj ^er blue. Green 
9ame with oxide of copj^er. 

Bromine, with bi-sulpLate c»f jjotash in matrass. retidi>h- 
J^eUow vapors : tTims >taroh jiaper yellow. 

Fluorine comjxjunds. etch glass, when mixed with a linle 
Jnlphuric acid and warmed, the glass being plaoevi over 
'lie mixture. 

Carbonic acid, acid reaction, rums lime-water wliite. 

Sulphur, bums on charcc»al \\ith a blue flame with oiior 
>1 sulphurous acid : l^etter in o]:>en tube. A sulphide, 
^hen fused with soda, and the mass moistened with ^^~:lte^, 
?ives a black stain when placed on clean silver foil. 

Boracic acid. yello^Hsh-green flame, fusible. 

Selenium, in O. F.. drives o<lor of decaA-ins horse-radish. 

Tellurides and Tellurium. — The ftJlowing is a most 
ielicate and conclusive test for tellurium : Tre^t a small 
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portion of the mineral in O. F. on a clean piece of porce- 
lain (a broken bit of an evaporating dish or other fragment 
will answer). If tellurium or a telluride be present, a coat- 
ing will form, but may not be seen on the white porcelain. 
If, however, it is moistened with a drop of pure concentrated 
sulphuric acid, the presence of tellurium is revealed by a 
brilliant carmine tint (sulphate of tellurium). The same 
reaction may be obtained on charcoal, but when this mate- 
rial is used, it becomes necessary, after moistening the coat- 
ing with the acid, to play upon it gently with the flame. 
In this case, the brilliant coloring appears but for an in- 
stant, whereas, in the first case, the porcelain has already 
become heated, and the carmine tint remains for some time, 
and only fades gradually away. 

SCHEME FOE BLOWPIPE ANALYSIS. 

The substance may contain As, Sb, S, Se, Te, Pe, Mn, 
Cu, Co, Ni, Pb, Bi, Ag, Au, Hg, Zn, Cd, Sn, CI, Br, I, CO., 

SiO„ HNO3, H,0, &c. 

» • 

1. Treat on Ch. in the O. F., to find volatile substances, 
such as As, Sb, S, Se, Te, Pb, Bi, Ag, Zn, Cd, &c. 



a. If there are volatile sub- 
stances present, form a coat- 
ing, and test it with S.Ph. 
and tin on Ch. for Sb ; or to 
distinguish between Pb and 
Bi, using the R. F. 



h. If there are no volatile 
substances present, divide a 
part of the substance into 
three portions and proceed as 
in A. 



Sb gives gray bead, clear on long blowing ; with tin the 
bead becomes gray or black. Bi clear and colorless when 
hot, blackish-gray and opaque on cooling ; vdth tin the 
glass becomes clear ; Pb cloudy and dark, but never quite 
opaque ; by continued blowing the oxide is reduced and 
the glass becomes clear. In testing for Bi the antimony 
must be driven oflP first. 
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If Sb is present it is nbt necessary to look for Bi, and 
ce versa. These two substances are very rarely found 
gether. The same is true of Pb and Bi. 

2. If As, Sb, S, Se, and Te are present, roast a large 
lantity thoroughly on Ch. in the O. F. Divide the sub- 
ance into three portions, and proceed as in A. 

A. Treatment of the First Portion. — Dissolve a 
Ty small quantity in borax, on platinum wire in the O. F., 
id observe the color produced. Various colors will be 
rmed by the combination of the oxides. Saturate the 
5ad and shake it off into a porcelain dish. 

a. Treat the bead on Ch. with a small piece of silver or 
)ld, in a strong R. F. Lead can be used instead. 



6. Fe, Mn, Co, &c., re- 

ain in the bead. 

If the bead spreads out on 



c, M, Cu, Ag, Au, Sn, Pb, 
Bi are reduced, and collect- 
ed by the silver or gold but- 

18 Ch., it must be collected I ton. 

. a globule by continued j Remove the button from 

^7^^^' V. X. A 1 the bead while hot, or by 

Make a borax bead on pla-Nj.^^,^. ^^ie latter when 
mim wire and dissolve m it ^^^^ ^^ ^^^ ^^^^ between 

me of the fragments of the | carefully preserving 

sad, reservmg the rest tor^^^^/^^^J^^^^^^^J^ ^ 
3cidents. 



all the fragments. 



d. If Co is present, the 
ead will be blue. 

If a large amount of Fe is 
)resent, add a little borax to 
)rove the presence or absence 
>f Co by diluting the bead, 
he cobalt color being more 
utense. 

If Mn is present, the bead 
s^hen treated on platinum 
^e in the O. F. will become 
iark violet or black. 



e. If only Fe and Mn and 
no Co be present, the bead 
will be almost colorless. 

/. Look here for Cr, Ti, 
Mo, and W. Mo will give a 
cloudy-brown or black with 
the borax bead in the R. F. ; 
owing to the molybdic acid 
being reduced. Cr gives 
yellowish-green with borax 
bead ; yellow with soda bead ; 
emerald-green with S. Ph. 



T. n '•.?'!. '^•^iL ZT"'** int* -^jjinr :f:h:ni biest seen witk 



'. 7:*-^r "Ut- Mir", a .a «.'?!. in •.''. F. vbL S.PLbead, 
"•-ir.- ^"Hi: r x-ilr* "n^ '?»t!iiL > .lj;r. 



/. Ir 3*1 laii ""t. l-:r^ Tir*^***!!^ liiif bfr^a/i will b? crwn 
?"^ r-^ VI ':t T^i -mr -^ S.PSl. bwui Willi i±! on CIl 



J C JLX L2lL An TLlSikt' lilr ^iri.'iiLL :i*rs: X-:. >. 



^■jiULtli* -sLrsiiincies in th^ O. F. on Ci- T7r»raiS wi:i ihe R.' 
T.. r TiJi vutIj sc»da, and tbt^n rrv?£3 -xiai ibr RF-for 
yA.. (L Sn. li a -wliit^ cKjatinir is io^inr^L :e^ wii'X-wft | 

y..!!'.. cv'-'ii. If Zn i< fuiind, ir is nc*: n-eijessiZT :-: '.oiior 
M.. jtinJ r/Yv vtma. as thevTerr rarelv lxio-:it ^-jiireubrr. Ci 
rivf^ li l»n»wn cciat and Tariecat'ed tamisiL 



C. TkKATWEXT C^F the ThIRI^ Pi»KTIi'X. — r»is5i'. >r ^'Dtt* 

I'f ilit'Miltstancein S.Ph. on platinum wire in O- F.. .'^tcrre 
'^x li«'i Iht SiO, is present or not, and test for Mn -arf:! -i^'* 
i»f potassii, and soda. If Mn be present lie beal ^^ 
Muish ^nM^n. 



:« ToNi for As >nth soda on Ch. in the K. R. .z-^^ 
«;■ . "^v»xLi \\\ :i rlosinl tul>e. On charcoal it gives iraT-." ■^--^' 
III ilu' \\\W\ a tiu'tallic mirror. 

4 IM^^v'ho iu S.lMu oil platinum wire in T3>r 0. ?■ 5 
l)^^ ^uK^i.uuo i^ \un motullic and does not contain sn?" ^' 
<uia ivv^J loi Sb vm Oh, >vith tin in the R. F. See 1. J. 
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6. Test for Se on charcoal in O. F. ; it gives a horse- 
radish odor. 



6. In the absence of Se, fuse with soda in the R. F. and 
test for S on silver foil. By moistening the fused mass 
and letting it stand on the foil the latter turns black if S 
be present. In the presence of Se, test in open tube, as it 
would interfere with the reaction. 



7. Test for Hg with dry soda in a closed tube ; a me- 
tallic mirror is formed. 



8. Mix some of the substance with test lead and borax 
glass and fuse on Ch. in the R. F. Cupel the lead button 
for Ag. Test with nitric acid for Au, dissolving the silver ; 
cupel the residue with a little pure lead. 

9. Test for CI and I with a bead of S. Ph. saturated 
with oxide of copper. CI gives blue flame ; I, intense 
green. 

10. Test for Br with bi-sulphate of potassa in a matrass, 
gives brownish-yellow fumes. Turns starch paper yellow. 

11. Test for H2O in a closed tube ; drops collect on the 
interior. Test these with blue and red litmus paper. 

12. Test on platinum wire, or in platinum-pointed for- 
ceps, for coloration of the flame, moistening with hydro- 
chloric acid first. 

13. Test for CO2 with hydrochloric acid, passing the gas 
evolved over lime-water. 
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14. Test for HNO3 with bi-sulphate of potassa in a B^^a- 
trass ; yellow-colored fumes, and acid reaction. 



15. Test for Te in an open tube ; forms a grayish-wliSiiite 
sublimate which, fuses to clear, transparent drops wh en 
strongly heated. Te burns with a bluish-green flame. Tii— -cy 
also special test with sulphuric acid. 



The above scheme is essentially the same as the one us( 
by the students of the School of Mines, New York, pr^i=re- 
pared by Prof. Thos. Egleston. A few additions anmnd 
changes have been made so as to obviate reference to wor^^fcs 
on blowpipe analysis. 

The abbreviations O. F., R. F., Ch., and S. Ph., staiK=id 
respectively for oxidizing flame, reducing flame, charcoa^^l, 
and salt of phosphorus. 



BLOWPIPE APPARATUS. 

Blowpipe with platinum jet, in three pieces, with cyUz^ — n- 
der to catch the moisture. Trumpet mouth-piece. 

Lamp, for blowpipe, with swivel and stand, foi^r— ur 
pieces. 

Lamp, alcohol, with brass cover ground to fit ; for ligt^E^t- 
ing large lamp and heating open tubes, etc. 

Forceps, steel, nickel plated (Raynor' s), for testing col or 

of flames, cleaning platinum blowpipe tip, etc. 

Forceps, brass, to handle small buttons, beads, etc. 

Forceps, steel, for lamp to raise wick. 

Plyers, cutting, for clipping minerals, sampling, etc. 

Plyers, flat nose (nippers) for quantitative work, handlLm^ 
lead buttons. 

Holder, cupel with two cups and one mould, for cupei- 
ling lead buttons. 
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Holder, charcoal, with platinum ring and shield, gene- 
rally employed for quantitative work, but useful for fusing 
samples of oi*e with fluxes, etc. 

Holder for evaporating dish, ^vith triangle, for parting, 
making solutions, etc. 

Holder for chimnev, to concentrate the flame of alcohol 
lamp, when heating capsules, etc. 

Holder for j^latinum wii'e, with six wires, for making 
bead tests, or flame tests, if the substance is veiy fusible. 

Holder for matrass, to hold tulies, etc. 

Hammer, for breaking slag, i>ounding buttons, etc. ; for 
chipiDing minerals it should liave a shaii> back. 

Anvil, for breaking slag, ix>unding buttons, etc. 

Borer, charcoal, club shape, to make holes in charcoal for 
the assay piece, etc. 

Borer, charcoal, four-cornered, to enlarge coal crucibles 
for quantitative work or fusions. 

Boi-er, chai-coal, with spatula, for quantitative work, use- 
ful in boring out coals. 

Capsule, mixing, brass, gilded, to mix charges for quan- 
titative work. 

Spatula, mixing, steel, for prei^aring charges. 

Spoons, ivory, two, for measuring out reagents, etc. 

Brush, assay button, for cleaning buttons before weigli- 

LBg. 

Charcoal saw, to shape charcoal. 

Tray, for coal, aminged to hold the various sizcjs em- 
ployed. 
Tray, for dirt, made of japanned tin. 
Scissoi'S, for lamj), to trim, <^tc. 
Knife, small, with long tliin ])lad(». 
Magnifier, ^^^th two Lenses, to examine minc^-Jils. 
Magnet, bar with chisel (Mlg<^ to tc^st for iron, uu;kel and 

-obalt. . . , 

Form for paper cylinders, for <iuantitativ(3 work. 

Test lead measure, ' ' 

SmaU earners hair brushes, for chnuiing. 
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Moulds, for making crucibles, coals, and capsules. 

Steel mortar, for crushing minerals ; should be well t 
pered. 

Agate mortar and pestle, for pulverizing. 

A small glass wash-bottle. 

Small platinum spoon for fusions. 

Porcelain streak plate, for testing minerals. 

Scales for quantitative work, a bullion balance will d 
well ; also a measuring scale for buttons (Plattner' s). G 
matrasses, closed and open tubes, porcelain dishes and c 
sules, and clay cylinders to support the coal crucibles. T 
tubes, one or two funnels, glass rods, and filter papers, 
also be found serviceable. 

For quantitative work the assayer will also require : 

Coal crucibles and capsules. 

Clay " " 

Square coals and covers. 

Total cost of complete outfit $75.00. 




BLOWPIPE REAGENTS. 

Carbonate of soda, pure, dry, and free from sulphur. 

Neutral oxalate of potassa or ammonia, crystals. 

Cyanide of potassium, pulverized. Not absolutely nec( 
sary. 

Iodide of potassium, crystals. 

Borax and borax glass, pulverized. 

Salt of phosphorus (phosphate of soda and ammonia). 

Bismuth flux, one-half sulphur and one-half iodide 
potassium, powdered and mixed. 

Nitre, crystals. 

Bisulphate of potassa, pulverized. 

Vitrified boracic acid, in small fragments. 

Nitrate of cobalt, in solution. 

Test lead, finely granulated. 

Tin, in foil best. 
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Iron. Wire in pieces of ^" to 1" long. 

Gold, pure, and in foil. 

Arsenic, metallic, powdered. 

Test papers, blue and red litmus ; cut in strips. 

Salt, pulverized and dry. 

Sulphur, flowers of sulphur best. 

Fluorspar, fine and dry. 

Silica, ground and ignited. 

Oxide of copper, pure and fine. 

Chloride of silver, in paste ; also nitrate of silver. 

Starch meal. 

Graphite, fine and pure, or powdered charcoal. 

Concentrated sulphuric, nitric, and muriatic acids. 

Acetic acid and ammonia. 

Carbonate of ammonia in powder. 

Charcoal cut in blocks 3" x J" x ^". 

Sifted and washed bone-ash. 

Starch paper, to test for Br, I, etc. 

Citric acid, tartaric acid, and iodine, may prove useful in 
testing minerals ; as they can be carried in the dry state, 
and the acid solutions made when required. 



GENERAL EEMARKS. 

To clean a dirty platinum point hold it in the flame of 
the alcohol lamp with the platinum -pointed forceps. 

To clean platinum wires, heat, and plunge into muriatic 
acid while hot. 

To break small pieces of mineral, wrap in paper, tin foil, 
or cloth, before hammering. 

To trim the wick of blowpipe lamp, cut even with the 
lamp and raise with one point of the steel forceps ; never 
pull the wick up with the forceps. 

To light the usual blowpipe lamp, where a heavy oil is 
used, direct the flame of an alcohol lamp against the wick 
until it ignites. 
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CHEMICAL APPARATUS AND REAGENTS. 



(Qualitative and Quantitative.) 



APPARATUS. 



u 
u 

a 
u 
u 
u 

a 

a 
u 

u 



OZ. 

u 

u 
u 



u 



4( 



Glassware. 
Lipped Beakers, nests of six. 
Plain 
Flasks, 1 
2 
4 
6 
8 

16 " (pint) 
24 

3 Litres. 
50 c.c. (measured) 
100 " " 

200 " " 

i Litre, " 

Specific Gravity. 
Pipettes, 10 c.c. 
" 100 " 
Gay Lussac Burettes. 
Carb. Acid Apparatus (We- 

therell's). 
Carb. Acid Apparatus (Geis- 

sler' s). 
Wash Bottles, 4 oz. 

U U O ii 

" 16 " (pint) 

Wash Bottle Tubes. 
Funnels, No. 1 (1^ inch) 

No. 2 (2f 

No. 3 (3i 

No. 4<4 

No. 5 (5 

No. 6 (6 
Watch Glasses. 
Convex Covers, 3 inch. 



ii 
U 

u 



u 



u 



3.1 



U 



Convex Covers, 4 inch. 

4i 









Flat Covers, 






u 



5 

5i 
6 
3 
4 
5 
"(thick)5 
Pieces Blue Glass- 
Desiccators (covered) 
Bottles, corked, 1 oz. 

" 2 " 
" 3 " 

" 6. " 



(( 



8 



(( 



Glass stoppered, ^ < 
'' " lto6 

Reagent Bottles for desk. 
Glass Rods and Tubes. 
Calcium Chloride Tubes. 
Funnel Tubes. 

" " (stop cocks) 

Ignition Bulb Tubes. 
U Tubes, set of four. 
" " No. 1 (5i inch) 
" '' No. 2 (6 " 
" " No. 3 (12 " 
Test Tubes, 4 inch. 

Specimen Tubes. 
Retorts, i Litre. 

" 2 " 



1LEA»5-Z3T?. 
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POBCELAiy. 

JPorcelain Mortars. 4t in*fc^ 






-) 



*' ETap.DisIit:^.iie?r'?':f •f- 

' '' - 12 inch. 

Casserales. :^ " 

"• 4i - 

'• 5 

Cmcibles- li '* 



(6 

it 



6i 



u 



Papze. 
I^ackages Cut Filtersw 3 : 



■^. ,'- «> 



4( 

ii 
H 
ii 



4 

4i 

5 



Kent") 
" '.ijirer^; 2 inch. 

P»>r?* Wire Gaoze. 
RirL^en Bam*fr* or Lamps. 
War^rT Bath>. 
War»:ri Glasj Clips. 
Stvn'i Ba:h>- 
SrT FL:-r Partf-ms. 
PJiriii'im Foils, H inr*h. 

3 

Win-, 10 feet. 

Crucible, J oz. 
Gas Srov»f<. 

CTamirf. 

.SrXDKIES. 

Filter Stauds. 
T<rsr Tu*»e Racks. 
RuW>er Tubing, Mack, ^ inch. 
•• " white, i '' 






4 



» k 



^Ixoets Swedish Paper. 
^^ "" ^ Glazed Paper. 
^ote Books. 
^^m Tickets. 



Metal. 

g Stands. 
es, Triangular. 



Corks. 
.Sr»ongre Pr<jbanjrs. 
H«»m ^^I^atuhl:^, 4 inch. 

•• •• f* %i 

Towels. 

Test Tul>e Bnishes. 
Clav Chimnevs. 
Reagent Bottles (extra). 

Total cost of apparatus, say 860.00. 



REAGEXTS. 



Hydrochloric Acid (concent. ), HCl. Hydrochloric Acid 
<^^ilute), HCl. Nitric Acid ^concent.), HXO,. Xitric Acid 
(^^ute), HNO,. Sulphuric Acid (concent. \ I1,S04. Snl- 
t>liuric Acid (dilute), H,SOi. Hydrosulphuric Acid, U.S. 
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Potassic Hydrate, KHO. Sodic Carbonate, Na^CO,. Am- 
nionip Hydrate, (.NH.)HO. Ammonic Carbonate, (NH,)lCO^ 
Amnionic Chloride, (NH,)C1. Ammonic Snlphlde, (NH,),S. 
Ammonie Oxalate, (Nn.).C,0,. Baric Chloride, EaCl,. Hy- 
dro-Di-Sodic Phosphate, Na^HPO^. Potassic Ferrocyan- 
ide, K.Cfy=4KCy.FeCy,. Potassic Femcyauide, K.Cfdy= 
eKCy.Fe.Cy.. Ferric Chloride, Fe,Cl,. Acetic Arid, HC,n.O,. 
Calcic Sulphate, CaSO,. Mercuric Chloride, HgCI,. Stan- 
nous Chloride, SuCl,. Sodic Acetate, N!iO,H,0,. Am- 
monic Sulphate, (fJH.),SO.. Potassic Dichr.iniate, K,CrO,. 
CrO.. Maguesic Sulphate, MgSO,. Lime \Vat.!r, CiiE,0,. 
Calcic Chloride, CaCl,. Plumbic Acetate, Pb(C,II,O.V h- 
digo Solution, C,H.NO.SO.. Argentic Nitrate, AgNO,. Pla- 
tinic Chloride, PtCl.. Ammonic Molyhdate, (NH,),MoO. 
-f-Nitric Acid. Ammonic Sidphocyauide, (NH^)CNS. Ba- 
ric Carbonate, BaCO,. Sodic Carbonate (dry), Na,CO,. 
Borax (crystalUzGd), 2NaBO,.B,O.+10H,O. Phosphorus 
Salt (crystallized), Na(NHjHP0.-f-4H,0. Sodic Nitrate 
(crystals), NaNO.. Potassic Cyanide (powder), KCy^KCN. 
Cobaltic Nitrate, Co(NO.),. Ferrous Sulphate (crystals), 
FeSO., Test Papers (blue, red and yellow). Common Sul- 
phuric Acid, H,SO,. Common Hydrochloric Acid, HCL 

Extra Reagents. — Alphabetical order: 

Alcohol (absolute), C,H,.OH. Alcohol (common), C,H, 
OH. Ammonic Fluoride, (NH,)F. Arsenic (metallic), As. 
Battery Acid (dilute), H.SO^.Vs. Battery Fluid. 10 parts 
H,0; 3 parts HiSO^ ; 1 part K,Cr,0:. Benzol (pure), CJT,. 
Benzol (common). C,H,. Bromine Water, Br-|-H,0. Chlorine 
Water, C1+H,0. Chlorofoiin, CHCl.. Distilled Water, H.O. 
Iron (wire and plate), Fe. Lead (bai- and foil), Pb. Mer- 
cury, Hg. Nitro- Hydrochloric Acid (aqua regia), HNOj+ 
3HC1. Oxalic Acid (crystals), H,C,0.. Potassic Iodide 
(ciystals), KI. Potassic Carbonate (dry), K,C0,. Potassic 
Nitrat«, KNO,. Potassic Nitrite, KNO,. Potassic Chlorate, 
KCIO,. Potassic Permanganate (crystals), K,MnaO„ Silver 
(foil), Ag. Sodio Acetate (crystals), NaC,H,0,, Sulphur 
(roll), S. Sulphur (flowei's), S. Zinc (bai- and sheet), Zn. 
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ASSAYER'S OUTFIT, 

INCLUDING THE MOST NECESSARY ARTICLES. 

ABTICLE. APPROXIMATE COST. 

Balance jB22.()() 

IBxillion Balance (55.00 

"Weights, Assay Ton and Gramme 18.00 

l^ffiiffles, ^ doz., at 75 cents each 4.50 

messian Crncibles, 50 nests, small-fives 1.50 

Scorifiers, 600 at 2 cents each 10.00 

Cupel Mould ; 3.50 

Scorification Mould /v:..A. 1.00 

Crucible, Scorification, and Cupel Tongs 3.00 

IHammers, 2 at 75 cents 1 .50 

lookers and Scrapers 1 .50 

Cutting Shears, Vise and Anvil 5.00 

^iles. Chisels, Saw, Hatchet, etc 2.5() 

Iron Mortars, large and small 3.25 

I'late and Rubber ^. lo.oo 

Sox Sieve 2.00 

1^ Sampler 2.00 

Sieves, wood frames, 80-mesh 1 .50 

Rising Scoop 4o 

:^eagent Bottles, glass stopj)ered H.oo 

parting Bottles Jio 

i^ottles for Samples, corked 2.00 

r^i^g Stands and Alcohol Lamps l.lo 

,^^a«li Bottles, two, one large, one small oo 

l^^m Spatulas, Spoons, etc 75 

:^arting Flasks, Annealing Cups, etc I TiO 

j?^rcelain Mortar I oo 

^lass Rods, Tubes, Funnels. B^-ukf-sH, ^-tc 'fo/i 

:^^te Book, Towels, Brushes*, er/r I r.o 

^ti^ Apx)aratus, such as Iron T*ari for rrK-^h;»riI'Ml 

assay, Pipettes, etc ^ or » 

"^lo^rpipe, Blowpipe-lamp, etc ''• ^o 
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Hammer and Anvil, small $1. 65 

Button Brush 45 

Scissors, Knife, Magnifier, and Magnet 2.20 

Forceps, steel and platinum 1.75 

Test Tubes and Specimen Tubes 1.00 

Filter Papers, Test Papers, etc 1.50 

Platinum Wire, Foil, etc 2. 00 

Bone- Ash, for making cupels 5.00 

Litharge 1.80 

Soda, Borax, etc 1. 50 

Test Lead 6.00 

Nitre, Argol, Potassium Cyanide 4.00 

Nitric, Muriatic, and Sulphuric Acids 6.00 

Extra Reagents, not mentioned 5M 

Total $219.45 

Note. — The preceding estimate is based on the assump- 
tion that the ores to be assayed will be those of gold and 
silver, and that the method of assay will be, as a rule, the 
scoritication process. No allowance has been made for labo- 
ratory fittings or furnaces. An ordinary mason can build 
with brick and clay all that is necessary at a very small 
cost ; cupel furnaces can, however, be purchased for about 
$36, packed for shipment. The prices given are, of course, 
somewhat approximate, and the list a little full, but if it 
serves as a guide for the beginner it will answer its purpose. 



SPECIAL METHODS FOR GOLD ORES AND ALLOYS. 

a. Mechanical Assay. 

Crush 4 to 5 pounds of the -sample, and pulverize in a 
mortar until it will pass through a 40-66-mesh sieve ; then 
wash in a ''Batea," which is a conical pan, about 20 inches 
in diameter and 2 J in depth ; or in a Russia sheet-iron pan. 



SPECIAL METHODS FOE GOLD OEES AND ALLOYS. 193 

e latter should be 18-20 inches at the top, 14 inches at 
a bottom, and sides 5 inches, sloping at an angle of 30°-40''. 
e material to be washed should first be stirred up with 
ter in the pan, and the sand and dirt removed by a slight 
3ular jigging motion, the operation being conducted 
ier water ; to hold which a small tub will be found con- 
lient for laboratory purposes. The gold and heavier 
'tides of the ore will collect in the bottom of the pan, and 
L sometimes be separated by drying, and then blowing 
the sand, better than by continued washing. A mag- 
may prove of service here. If the ore is very poor, a 
olor" of gold only may be visible at the end of the 
oration. 



b. Amalgamation Assay. 

Tie amount of free gold present in an ore can be deter- 
led by grinding say 18-20 pounds of the finely pulve- 
5d ore with about 2 to 3 oz. of mercury and a little sodium- 
algam. If mercury alone is employed, the addition of a 
ill piece of cyanide of potassium will be found bene- 
al. The ore should be ground up with water first, so as 
form a thin pulp, and the mercury added by squeezing 
hrough chamois skin. This serves to break the mercury 

and facilitates its dissemination through the mass of 

ore. 

^he whole should then be ground for 2 or 3 hours ; this 
L be done on a concave plate, with an iron rubber, or in 
and '' Arrastre." To separate the amalgam formed, thin 

mass with water, and shake in a pan or small settler of 
ae kind. The lighter particles of dirt and ore float off, 
I the amalgam finds its way to the bottom of the vessel, 
ere it can be collected. To separate the gold, etc., 
leeze through chamois skin or fine leather, and heat the 
idue in a small iron retort, condensing the mercury which 
3ses oflf. Scorify and cupel the gold. 
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c. Chlorination Process for the Assay of Sulputj- 

RETS carrying GoLD. 

Weigh out 6 oz., and roast in an iron pan coated witl 
chalk or clay, until no smell or fumes can be perceived ; 
cool, grind, and roast again at a strong red heat, then 
moisten slightly, and transfer into a glass cylinder 8 to 10 
inches high, and 2 to 3 inches in diameter, which is pro- 
vided with a side-opening near the bottom, through which 
the chlorine gas can be introduced. The top of the cylinder 
should be fitted with a rubber cork and glass escape tube, 
which passes into a second cylinder, containing blotting 
paper or shavings moistened with alcohol. The ore is 
placed in the first cylinder, on a bed of broken glass or 
quartz, which should be deep enough to prevent the fine 
ore from choking up the opening through which the gas 
enters. The chlorine is generated in a Florence flask, from 
a mixture of binoxide of manganese (pulverized), salt, and 
sulphuric acid, then passed through a wash bottle, as in the 
case of sulphuretted hydrogen (see Fig. 26), to wash it, and 
into the cylinder containing the ore by the lower side-open- 
ing already mentioned. The flask containing the mixture for 
the generation of chlorine should be gently heated, to facili- 
tate the evolution of the gas, and the process continued 
for about two hours ; after which the generating flask can 
be disconnected, the rest of the apparatus being allowed to 
stand for some time, especially if the ore treated contain 
galena, zinc blende, etc. To extract the chloride of gold: 
lixiviate with warm water, acidulate the solution with a . 
little muriatic acid, and precipitate with sulphate of iron; 
warm and allow to stand until clear. Filter, wash, and 
dry the gold. Scorify filter and gold together, and cupel 
button. 

d. Touch-stone Assay of Alloys. 
Alloys of gold can be examined for their approximate 
fineness by means of the touch-stone and nitric acid. Th^ 
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tch-stone is a piece of black smooth stone (Basalt or 
Lte), on which the alloy to be tested can be rubbed. The 
eak left is then tested with nitric acid in comparison 
:h the streak left by an alloy of known fineness. Test 
d is sometimes employed instead of nitric acid ; this is 
lixture of nitric acid (sp. gr. 1.34) 98 pts., muriatic acid 
. gr. 1.17) 2 pts., and distilled water, 26 pts. 
'he standard alloys are called touch-needles^ and consist 
pure gold, alloyed in various proportions with copper, 
er, or both metals. They are much employed by jewel- 
, and can be purchased ready for use. 
Vhere the amount of gold is small, the touch-stone 
thod is less accurate ; but for rich alloys and prelimi- 
y work, it may prove useful. A sharp eye and practice 
however, required to amve at anything like good re- 
ts. 

Specific Gravity Method for the Determination . 

OF Gold in an Alloy. 

This method is based upon the principle that, in the 
ench system, the volume of a solid is equal to its weight 
^ded by its specific gravity, and that since one cubic 
itimetre is equal to one gramme, the volume of a solid 
cubic centimetres is equal to the weight in grammes of 
3 water it displaces, when weighed in water. Weigh the 
'en alloy in air, and then in water. (See method for 
ting specific gravities, page 151.) 

Let a = Weight of alloy in air, in grammes. 
" b= '' '' " '' water, in grammes. 
'' c = Specific gravity of gold. 
" d= " " ''the other metal. 

" X = Weight of gold in the alloy, 
rhen, a--x = the weight of the other metal. 

7- = the weight of water displaced by the gold in the 
oy, when weighed in water. 
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— ^ = the weight of water, displaced by the other meta. 

in the alloy, when weighed in water. 

X a-— X 

— + J = a—b = the total water displaced by the 

alloy, or, to put the equation in another form : 

(d— c) X = dca— deb— ac, or x = 3 ^^. 

^ ^ d~c 

Knowing the numerical values of a, b, c, and d, substi- 
tute in the equation, multiply, subtract, and divide as indi- 
cated, and find the value of x. 

By applying this method to a sample of gold quartz con- 
taining no impurities, such as pyrites, etc., the approxi- 
mate amount of gold in the specimen can be determined 
without crushing the same. The specific gravity of gold 
can be taken as 19.2, and quartz as 2.6. 



/. Assay of Special Alloys of Gold. 

1. Auriferous Tin. — Oxidize in muffle. Scorify with 
Pb, 16 pts., Bx. Glass, 2^ to 3 pts., and cupel button. 

2. Auriferous Mercury. — Distil if possible, and then sco- 
rify residue at low heat with say 10 pts. of pure lead. It is 
best to place the scorifier with charge in the muffle when 
the latter is cold, and let it heat up with the furnace. 

3. Palladium-gold. — Alloy with 4 times its weight of 
silver, and part with nitric acid. The palladium dissolves 
with the silver. 

4. Rhodium-gold. — Alloy with 4 parts of silver; part 
with nitric acid, and fuse residue with bisulphate of potash; 
treat with distilled water, and dry and weigh the gold resi- 
due from the fusion. If this is not pure, the fusion should 
be repeated. 

5. Iridium-gold. — ^Dissolve in nitric acid and hydrochlo- 
ric mixed (aqua regia) ; wash and weigh the iridium, which 
remains as a black powder. 
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contaixL pfaufirrmL 
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le ore nav '!t:ni2irL: i^uL ^-^-li!! j^aiL vnr±nr.nT. hb^- 
Jt, snlpkisr. azs»^7i'. >£jiz!ilju -'•tittrLznu -rce. B^iOir^^i 



Inspect TrfiL i-LzxifTzur rni^r^ Tr^ Trrrl r'jjir^ili^. 

I magnec a* T^>^y ttji. t- i-irnj*- ir.»iL ^iii^r^^ior : 5f cy^c maz- 
?, weigh re^iier oil gfrn:,>>. hSil iij-s^j •!^:.«2tKit*riy. 

Treat scale* \^ ^v ,zzii*:i:zi .'i, t'M z\'^z >iz^i fflvir-r. For 
r metals. tr»e£i.T 1^^ 2iZ. i^IS. ^^^ '• v \r^ i:L.r^L.'.*i-?. 
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0. 5 cmcftJ^i. Siiid f:i-r: fr fc v'jlck fiv : <y>yL break, and 
:h. The biitr.c»ii ulilv fy:c:rjii:i, J^*L s;iLT:jxionv. bifinuth. 
iron. etc. Test Tjt Viow-^JiTfi;. If l*:tad- det^miin«^ bv 
ie method, pare 5*- If t:il antijuoiiy. or bi«nmrh. 
iieate by cyamd^ fz.^j.'yzi. If h^jjx, YMn c}jarg*r«? for un- 
ini ores, page SCl Uruii^ pj^fsent. it wiJl not J>e ne^-ef- 
, as a rule, to lo^.i f .-r ^/rii^i- metak. The button from 
cyanide fusion «^LoTi]d- however. l>e treat^ed af« an alloy. 
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d. Run preliminary assay (see page 66); weigh lea- ^ 
button to determine reducing power (R. P.) ; cupel the lea-<3 
button to ■ determine approximate richness of ore. Notit^ < 
the color of cupel, to decide as to presence of copper. TIi- * 
reducing power may be : 



No. 1, None. 

Ore probably 
poor, no S, As, Sb, 
etc. 
Charge : 

Ore lA.T. 

Lithai;ge. 60 gms. 

Soda.... 2A.T. 

Argol ... 2 gms. 

Bx.Gl8..10 " 

Silica — 15 " 

Salt . . , .cover. 
Use Hessian cruci- 
ble. Cupel button 
from fusion, or else 
ran scoritication as- 
say, taking 3 scori- 
■fiers, i A.T. of ore 
In each. Combine 
and cupel buttons. 
ObseiTe color of 
cupel after ctipella- 
tion to detect pres- 
ence of copper, also 
appearance of 
bead, which may 
contain platinum, 
or non - oxidizable 
metals, if any were 
present In the ore. 



No. 2. Low. 

Ore rich or poor, 
little S, As, Sb, etc. 

x. Bead from pre- 
liminary cupella- 
tion large. 

Run scor, assay : 

Ore i A.T. 

Ijead 40 gms. 

Borax Glass as 
required. 

?/. Bead from pre- 
liminary cupella- 
tion small. 
Charge : 

Ore lA.T. 

Litharge. 60 gms. 

Soda.... 1A.T. 

Silica 15gms. 

Bx. 01. 6-10 " 

Argol or nitre ac- 
coi"ding to calcula- 
tion from reducing 
power. See page 
67. Can run num- 
ber of scoriiiers, } 
A. T. of ore each, 
and cupel united 
buttons, as in the 
case of No. 1. 



No. 3. High. 

Ore rich or poozBi-. 
much S, As, Stz>j 
etc. 

cc. Bead from pre- 
liminary cupeilffi- 
tion large. 

Run scoriflcatioE 
assay : 

Ore. 4 to i^j A.T. 

Lead . . . 40gnis. 

Bomx Glass as 
requii'ed. 

y. Bead from pre- 
liminary cupella- 
tion small. 

Roast 3 A.T. of 
ore, and charge 
with 

Litharge. 50 gms. 

Soda.... 1A.T. 

Silica 1 " 

Charcoal.f-lg"' 

Salt cover.. 

In Hessian eruci- . 
ble, or use specia* 
methods, accordj 
ing to character oi 
the ore. Seepages 
T7-79. 

Can run niiml^? 
of sc(n'itiers, aS * 
No. 3. 
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e. If button freezes in process of cupel lation, the furnace 
being hot, and the cupel unsaturated, copper, cobalt, nickel, 
tm, or platinum may be present ; cupel dark bix)\vn or red 
after cupellation, probably copper. 

1. Determine cobalt, nickel and copper by arsenide 
method, pages 91, 99-102. 

2. For platinum, treat button us an alloy, page 121. 

3. Tin : run special assay, section c. 



/. If the preliminary blowpipe test indicates the pres- 
ence of mercury, zinc, or tellurium, etc., the ore should be 
run by scorification method for gold and silver. For ores 
containing mercury the heat should be very low^ at first, 
and increased gradually. For tellurides, see page 79. 

The zinc and mercury may be determined by the meth- 
ods given on pages 82 and 84 ; or, if the ores are impure, 
by the wet way. 

Note. — The above scheme is designed as a guide for be- 
ginners. The experienced mineralogist and assayer will 
generally be able to foretell the character of the ore, and 
Select his method. 



EULES FOR THE EXAMINATION OF A MINE. 

The following suggestions are taken from an article pre- 
.pared by Mr. C. B. Dahlgren, and as an outline guide may 
prove useful. 

1. The Histoey of the Mine (Traditions) and Perfect 

Titles. 

All existing data of the mine, as pamphlets, maps, ores, 
assays, records of work done, traditions, etc., should be 
collected and carefully studied. 

The mining laws of the district should be fully under- 
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stood, 80 that a perfect title may be given to tlie pur- 
chaser. Usually this branch of the business goes through 
a lawyer's hands. In the United States, the usual ti-ansler 
of a U. S. Patent or Recorder's Titles are sufficient. But, 
in Mexico (while well enough to hjive the former owner or 
worker's ti-ansfer). as no " fee simple" to mines exists, a 
mine must be worked and transfeiTed in accordance with 
the "Mining Ordinances." 

2. Geographical Position — Map of Roads to am) 

Distances fkom Railways, Steameks, Feeight, 

ETC. 

Accurate maps should be prepared of the county, and 
mining district, giving the roads and distances to tlie near- 
est I'ailway, steamers, or stages, or other lines of commnBi- 
cation or transportation. Statistics may . be made ont of 
freigMs, fares, time-tables, etc., from the proper relia- 
ble sources. 

3. Clisiate, Water, Fuel, Timber, Chahooal, Salt, 

BciLDiNG Materials (Lime, Clay, Stone), Sulphub, 
Aguicultural Resoubces, etc. 
Careful observations should be made as to the climate, 
acres of fuel or timber, number of inches of water for mill- 
ing purposes, salt, sulphur, lime, building materials, agri- 
cultural resources, and supplies. 

Extravagant teims should be avoided, and precise ani 
concise statistics alone taken and offered to the intei-ested 
parties. 

4. Geological Structure of Country Rock. 
The capitalist usually cares very little whether the mine 
is in diorite, quartzite, Silurian limestone, or is a contact 
vein, as long as pay ore is found in sufficient quantities to 
declare dividends. Do not, therefore, indulge in theories 
as to the foi-mation of lodes, etc., but allude only to plM^ 
pmctical "facta" in a clear, concise manner. Sketo 
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SLud photographs will be very appropriate, usually convey- 
ing quicker and clearer impressions of the subject under 
examination than any amount of word^. 

S. Size and Structure of Vein, vtith Map of all Work 
done; in Plan, Elevation, and Section, giving 
Course, Dip, Width of, and Character of Walls, 
Faults, Breaks, Horses, Slides, Cross Courses, 
etc. 

Correct and complete maps (in plan, section, and eleva- 
-tion) should be made, giving the ''course, dip, width of, 
sLuA. character of walls," faults, horses, slides, breaks, 
C5X0SS courses, ore seams, etc., and barren rock, water, all 
^w^ork done, etc. These will constitute a principal part of 
■fclie examination ; they should be accompanied by sketches 
oi* photographs, and will show the ''probabilities," as to 
"fclie direction and force of the vein, which may rationally 
l>e indulged in. 

A plan for working the mine to best advantage (both 
immediate and future), may close this section. 

6. Character and Quality of the Ores (Assays and 

Analyses) and Gangue. 

A knowledge of the blowpipe will be of great use here 
for preliminary determinations (qualitative); while the assay 
lumace will be needed to settle the practical values of the 
ores in question. If possible (/.^., if facilities exist) an 
analysis will not be out of the way. We now come to the 
sampling. Careful samples of ores at any mill or reduc- 
tion works, and of tailings, or slags, should be made. They 
should be average samples. These should be assayed, and 
'Values per ton estimated as weU as the per cent, reached 
to the working. Extreme caution should be exercised in 
order that no "salting" can be perpetrated. A careful 
^^^cord should be kept of these results. Having determined 
the ores extracted, the mine should be visited and sampled 
^ all its workings and croppings. A map should be taken 
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along to mark the localities of the samples, and they should 
be carefully numbered and recorded, as well as the results, 
which should not be known to outsiders. Each sample 
should be sacked and sealed under the eye of the expert. 
Samples should be selected at random, to avoid the least 
possibility of collusion. 

7. Quantity of (Probable Supply of) Pay Ore (de- 

duced FROM Work Done and Probabilities). 

This is the important part of the report, and for which it 
is made. The ore in sight will serve as one of the most 
important guides towards determining this fact. The other 
is the ''probability" of a continuance of the ore, which 
experience and the result of observations made (see Section 
5) will aid in determining. 

8. Cost of Mining, Hauling, and Milling (Wages, 

Materials, Freights, etc.) 

This depends on the price of labor, supplies, fuel and 
timber, freights on machinery and supplies, taxes, etc. 

This part of the examination is not a difficult one. In 
California, the cost of milling is from $2 to $4 per ton 
(whether by steam or water power), as also in the Black 
Hills. In Nevada (on silver ores), it runs from $9 to $20 
per ton. Comstock, $11.00. Formerly the cost of quick- 
silver was a very heavy item, but at date it is very mode- 
rate. 

9. Method of Reduction (whether by Amalgamation, 

LixiviATiON, OR Smelting). 

Tlie report should embody, at this point, a clear state- 
ment of the most efficient method of working the mine, and 
of reducing the ores. An analysis will determine whether 
by smelting, amalgamation (raw, or roasting), or by leachii^o- 
It may in some instances be found to be more profitable ^^ 
concentrate, and ship the product. 
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10. Avoid being Salted. 

Never lose sight of this injunction from first to last, but 
see to aU the important points personally. 

11. Requisites for a Superintendent. 

A superintendent should understand assaying, survey- 
ing, chemistry, machinery, and book-keeping, so that in 
no branch of the business can he be deceived. It is net 
possible for one man to do all of these things at once, but 
he should be able to inspect every department understand- 
ingly. A knowledge of law is sometimes very essential. 



/ 
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OF US OR (NH4)HS. 



pieces of zinc and a strip of platinum foil, when but 
irow content!* of flask on a filter ; wash thoroughly. 



then 
alio, 
pitate, 
water, 
I.)HO 
H4CI. 



e. 
> two 



Half. 
Add 
:cess of 
^aHO, 

white 
elatin- 

ous 
Yecipi- 

tate 

Cd 



Boil with a little 



Filtrate 
HNO3 and divide into two un- 
equal parts. 



\8t Portion. 

Add KCyS 

Red Color 

Fe* 



Second Portion. 
Neutralize with (NH4)H0, add ex- 
cess of Ba CO3, agitate ten min- 
utes, filter and wash thoroughly. 



Precipitate. 

Boil in a porcelain 

dish with dilute 

H0SO4 and filter. 

Add excess of NaHO 
to filtrate, a few 
drops of KMnOi 

and a little NH4CI, 
boil, filter, and 

divide the solution. 



nitrate. 
Add excess of dilute H0SO4, 
filter and saturate filtrate 
with (NH4)2C03, warm, fil- 
ter, and wash. 



1*/ Half. 

Add some 

HCC^HoOa) 

and 

Pb(CaH,Oa)2 

Preci- 

pitate 

Cr 




Half 

Add 

excess 

of 
NH4CI 
Preci- 
pitate 
A 



* To determine de 
gree of oxidation of 
Fe, examine the ori- 
ginal solution with 
K4FeaCy« and KCyS 



Precipi- 
tate. 
Mix a j)or- 
tion with 
NaaCOg 

and 

NaNOg, 

fuse on 

platinum 

foil. 

Green 

color. 

Mn 



Dissolve 
another 
portion in 
HCl, neu- 
tralize 
with 
(NH4)H0, 
add con- 
siderable 
NH4CI and 
(NH4)aCa04 
Precipi 
tate 
Ca 



Solution. 
Add NaaHP04 



Preci- 
pitate 



Solu- 
tion. 
Evapo- 
rate to 
dryness, 
dissolve in HCl, 
add KNOo and 
HCCoHgda), 
filter. 



Preci- 

pitafe 

Co 



Sdv- 
tion. 
Add 
Nallo 



Preci- 

intate 

Ni 
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Tabulating Results 53 

Tellurides 78 

Blowpipe Test for 179 

Test, Blowpipe, for Tellurides . . . 179 

for Gold, Purple Cassius 178 

Thermometers 153 

Tin, Assay for 87 

Determination of, in the Wet 

Way 125 

Ores 86, 143 

Remarks on 90, 128 

Sources of 86, 143 

Tongs, Crucible, etc 32 

Tools 32 

Touch-stone Assay of Alloys 194 

Troy Weights 148 

U. 

United States, Coins of 148 

Liquid Measure 149 

Units, Comparison of 150 
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TmIqa ^ Ptm O'Ad, 54, 141 

ViUu#-K for GnuB Wri|^it« IM 

V<4iiiij«r Aod W«igfat, Mcamres 

of 148 

u, \S>y^h fUrlMtym U, Ons. . 147 
YiAuiueinc Atamr for Iroo 131 

W. 

W«iib for Cniribl«« 32 

for Seoriften 33 

Wftffbfif, LuUsH, mod Omentfi 31 

Wuthing Precipiuurs 174 

\%>i^iiil^ B«ad<i mod Ballion. .. 92, 74 

Gold 75 

Oren and R«*afrents 49 

Weight ftDd Voiome, Measures 
of 148 




Z. 

Zettnow's Seheine for 

Analrsis 

r, AflBBTfor 

OfCT 82, 1 

Remarks on 83, 1 

Seheme for 1; 

Bofoieesoi 82, 1 



INDEX TO ADVERTISEMENTS 
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ASSAYERS' SUPPLIES. 



r & Sons, 4 Murray St., N. Y. Balances and Weights Page i 

nin, E. B., 10 Barclay St., N. Y. General Supplies ill 

, J. & H., 95 John St., N. Y. General Supplies vi 

lyn White Lead Co., 89 Maiden Lane, N. Y. Litharge xiv 

Black Lead Crucible Co., Jersey City, N. J. Graphite Crucibles.. . xviii 

& Amend, 205 Third Av., N. Y. General Supplies iv 

e & Richards, 4 Murray St., N. Y. General Supplies v 

& Co., C2 Chatham St., N. Y. Tools and English Assay Goods.. . x 

I, J., & Co., 129 Maiden Lane, N. Y. Hessian Crucibles xvii 

Benjamin, 191 Greenwich St., N. Y. General Supplies vii 

•idge, S., Hoboken, N. J. Blowpipe Apparatus and Metal Work.. . viii 

Theo. , St. Louis, Mo. General Supplies ii 

her, B., & Sons, East Houston St., N. Y. Muffles, Furnaces, etc. . xvi 

L Fink, 160 William St., N. Y. Chemicals xiii 

•, H. M., 25 Bond St., N. Y. Platinum xi 

n, J. E., 852 Third Av., N. Y. Hardware, Furnace Linings, etc. . ix 

of Mines, Fourth Av. and 50th St., N. Y. Chemical Labels xv 

II, Tatum & Co., 48 Barclay St., N. Y. Chemical Glassware xii 
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SOHOOL OF MIISrES 

COLUMBIA^COLLEGE. 

F. A. P. BARNARD, S. T. D., LL. D., L. H. D., President. 

THOMAS EGLESTON, E. M., Ph. D., LL. D Mineralogy and MetdUurgy, 

CHARLES F. CHANDLER, Ph. D., M. D., LL. D., QeneroA and Applied Chemistry. 

WILLIAM G. PECK, LL. D., Ph. D Mechanics. 

JOHN H. VAN AMRINGB, A. M., Ph. D Mathematics. 

OGDEN M.ROOD, A. M Phy»k8. 

JOHN S. NEWBERRY, M. D., LL. D QecHogyand PaloBontoloffy' 

WILLIAM P. TROWBRIDGE, A. M Engineering. 

HENRY S. MUNROE, E. M., Ph. D Adj.-Prof. of Surveying and Practical Mining. 

INSTRUCTORS. 

ELWYN WALLER, A. M., E. M., Ph. D Analutiaa Chemistry. 

PIERRE DE P. RICKETTS, E. M., Ph. D. Assaying. 

FREDERICK A. CAIRNS, A. M .Analytical Chemistry. 

WILLIAM PISTOR, E. M I>rawing. 

FREDERICK R. HUTTON, A. M., E, M., C. K Mechanical Engineering, 

FREDERICK STENGEL, A. M German. 

JULES E. L0I8EAU, A. B., LL. B French. 

ASSISTANTS. 

ALEXIS A. JULIEN, A. M Analytical Chemistry. 

WILLIAM H. INGERSOLL, A. M., E. M., LL. B . .Astronomy. 

CHARLES A. COLTON, E. M Mineralogy. 

MAGNUS C. IHLSENG, E. M., Ph. D Physics. 

JASPER T. GOODWIN, A. B Mathematics. 

JAMES S. C. WELLS, Ph. D Analytical Chemistry. 

HENRY C. BOWEN Analytical Chemistry. 

FRANCIS N. HOLBROOK, E. M., C. E Assaying. 

LOUIS H. LAUDY General Chemistry. 

SPENCER B. NEWBERRY, E. M Geology and PaloBontology. 

GEORGE F. FISHER Registrar. 

ROBERT M. RICKETTS. A8S*t Registrar. 

WILLIAM G. BAKER ....lAfyrarUin, 

The plan of this School embraces five four-year courses for the Degree of Engineer 
of Mines, Civil Engrineer, or Bachelor of Philosophy, viz.:— 

I. Mining Engineering. II. Civil Engineering. III. MetaJlurgy. IV. Geology 
and Natural History. V. Analytical and Applied Chemistry. 

Persons not candidates for a degree may, by a special arrangement, pursue any of 
the branches taught in the school, without previous examination ; for Assaying the 
course is two months. 

There is a supplementary year of instruction for the degree of Doctor of Phi- 
losophy. 

Requirements for Admission. 

THE FIRST CLASS. 

Candidates for the first class must be seventeen ^cars of age, and must pass a satis&ctory examination 
In arithmetic, including the metric sj-stem of weights, measures and moneys ; in algebra, the first five 
chapters of Peck's Manual of Algebra ; in geometry, on the first five books of Davles' Legendre ; in French, 
on the equivalent of twenty-five lessons of Jewett's Ollendorflf Grammar ; and in German, on the equiva* 
lent of twenty lessons of Otto's German Grammar. 

Candidates for advanced standing must pass a satisfactory examination upon the studies named above, 
and also upon those pursued by the class which they propose lo enter. 

EXPENSES. 

The fee for the full course, including Instruction, use of laboratories, apparatus, chemicals, drawing 
room, and students' collection of minerals, is $200 per annum. 

For special students in Chemistry and Assaying, the fee is $200. 

Special students in Assaying are admitted for two months for a fee of $60. 

Whenever it appears to the satisfaction of the President and Treasurer of the College that a student 
desires to pursue the studies of the school, but is unable to pay the fees, he may be admitted without diarge. 
For Catalogues containing all necessary information with regard to the school apply to 

C. F. CHANDLER, Dean of the Faculty, 

50th Street, comer 4fh. Avenue, New Toric 



BECKER & SONS, 



balances & "Weights of Precision. 

No. 4 MURRAY STREET, NEW YORK. 




irery Balance and set of Weights leaving tliis establiali- 
mput is guaranteed to be accurately adjusted aa represented 
in our Price List, wbiclt can be bad npon application. 

Becker & Sons beg leave to state, tbat for some time past 
we have been aware that imitations of our Balances and 
Weights have been placed on the maiket, repi-esented as 
ing manufactured by us ; and would caiition our custo- 
s that only the goods made by us bear our finn name. 

. B. — We would also call attention to the fact that we 
he withdrawn our agency from Mr, E. B. Benjamin, whc 
h acted as our agent for several years. 
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THEO. KALB&CO. 



IMPORTERS AND DEALERS IN 



Chemical Apparatus 



AND 



ASSAYERS' MATERIALS, 

600 SOUTH SECOIN"!) STREET 



ST. LOUIS, MO. 



RARE MiERALS, GfflKGALS Al REAGENTS 

FROM THE MOST RENOWNED EUROPEAN MANUFACTORIES. 

BOHEMIAN GLASSWARE, such as Beaker Glasses, Flasks, Retorts, Flt^ii- 
nels, Glass Tubes for combustion, etc. 

REAGENT BOTTLES, lettered with NAME and SYMBOL blown i^nato 
the glass. 

APPARATUS and INSTRUMENTS for BLOWPIPING and for CUPEZi L- 
LING, imported from FREIBERG, GERMANY. 

ASSAY BALANCES, line WEIGHTS of Silver, Brass and Platinum. 

CHARCOAL UTENSILS, Trays and Cupels. 

CRUCIBLES, French and English, Berlin Porcelain, Hessian Clay, Bl^»-ck 
Lead and Platinum. 

COLLECTIONS op crystallographic models, MINERALS AND ROCE-^^S. 
in boxes with catalogue, for BLOWPIPE EXPERIMENTS, illustrating -«::^lie 

DIFFERENT DEGREES OF HARDNESS, ETC. 

BONE ASH, CUPELS and SCORIFIERS. 

ASSAY MUFFLES of French, English and American Manufacture. 
BLOWPIPE APPARATUS and REAGENT CASES. 
SPIRIT LAMPS, BUNSEN BURNERS, BERZELIUS' LAMPS, etc. 
PLATINUM, Wire, Foil, and manufactured into Vessels. 
MORTARS of Agate, Porcelain and Iron. 

BERLIN PORCELAIN, Evaporating Dishes, Cups and Vessels. 
ARTICLES and INSTRUMENTS of NEW CONSTRUCTION IMPORT^^^ 
TO ORDER from the best European manufactories. 



PRICE LIST FURNISHED ON APPLICATION, FREE OF CHARS f- 



a Tiat Fremixim absre all Caipedtsrs at tha Wc^'s Fair. 1S73. 

E. B. BENJAMIN, 

lO BAKCLAT STREET, NEW YORK CITY. 





The Grealest Variety and Largesl Actual Stock 

IINERS' AID ASSAYERS' OOTFITS, 

I Furnaces, Mortars and Retorts, Tongs and Forceps, Scorifiers and 
Cupels, Sand and Clay Crucibles, Muffles, Bone-ash, etc. 

blaes Apparatus, Bottles, Flasks, etc. Rare Reagents 

and Fluxes, Minerals, Fossils, PLATINUM Foil, 

Wire and Vessels. Moulds, Blowpipe Tools 

and Reagents in great variety. 

D a yery largs Slock of CHEMICAL AND PHYSICAL APPARATUS. 

LARGE CATALOGUE, CLOTH BOTJSD, $1,50 EAOtt 

r. T. Agancy of the celebrated Balances and Waighta of B. Troeninw, 
a a used by U. B. Mints. 
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EIMER & AMEND, 

205, 207 and 209 Third Avenue, N. T. 

IMPORTERS OP 

Pure French Platinum, 

CHEMICALS, MINERALS, 

Chemical Grlassware, Porcelain Ware, 

AND ALL APPARATUS USED IN LABORATORIES. 

Keep constantly on hand a full stock of 

FLETCHER'S FURNACES, AND ALL OTHER ASSAY GOODS, 

CRUDE AND CHEMICALLY PURE CHEMICALS, 

C. P. Acids and Reagents, Rare Chemicals, Col- 
lections of Minerals and single specimens, 

COLLECTIONS OF METALS, ALKALOIDS, Etc. 



■*-o~«- 



Chemists, Colleges, Schools and Laboratories supplied 
-with Chemicals and Apparatus at 

AND ALL ORDERS EXECUTED WITH GREAT CARE. 



H. T.. RICHARDS, 



ELMORE & RICHARDS, 



ical&Pteal 



PURE CHEMICALS, 



To. 4. MXJRRA.Y STREET, 

NEW YORK. 



We would invite tlie attention of Assayers, Mining Enoi- 

I1BB9, and general Analytical Chemists to the finest and most 

fully selected stock ever offered in America, Supplying 

Kttical scientific men with all articles needed in their profession 

» been a specialty wjth this house for years. We are, there- 

!, fully prepared to meet any demand they make upon ua for 

a best apparatus and the purest chemicals the markets of the 

wld afford. Our goods are absolutely reliable, orders are filled 

I rigid esactness, and all articles arc eo safely packed that 

gle case of breakage has been reported to lis in more than 

■^ear. We i-espectfully solicit a trial order. 

1^° CATALOGUES ON APPLICATION. 
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J. & H. BERGE, 

Importers of 

SAND CRUCIBLES MD COVERS, 

Best Freiberg Scorifiers, 

SELECTED ENGLISH BORAX, 
For Assay ers, etc., etc. 

ALSO DEALERS IN ALL KINDS OF FLUXES. 

Sole Agents for Boulter's Superior Muffles. i 

Manufacturers of Hibbs' Improved Assay Furnaces. 

Best Black Lead Crucibles. 

Fine Bohemian Glassware. Supports of all kinds ^ 

Borax (Melting), Saltpetre, Pearl Ash, Cyanide of Potas — 
slum, Bone Ash, Soda Ash, Bi-Carb. Soda, Sal Ammo- 
niac, Red Lead, Test Lead, Litharge, Tongs (Iron 
and Steel, all sizes), French Crucibles, I^ench 
Annealing Cups, etc., French Filtering Bags and Pape: 
Glass Flasks, Assay Bottles, Copper Tests, 
Berlin Porcelain Cru(?ibles, Berlin Forcelain Cas- 
seroles, Porcelain Evaporating Dishes, Cupels, Cupel 
Moulds, Muffles, all kinds and sizes. Mortars and Pestlei 



Furnace Linings of all kinds constantly on hand. 

No. 95 JOHN STREET, 

Bet. Gold and Cliff Streets. NEW YOR 

P. O. Box 4280. 

J. & II. BERGE are the only firm in the United States in this line of busin g ^ ss 

who can offer their customers the benefit of an experience of over a quarter of ^ 

century. As they are making constant additions to their Stock, and deal in t ^e 
best articles only, selected from the best manufacturers of Europe and this coi^t- n- 
tr}', they have the largest variety of Goods in their line, and cannot be excelled 'D 

their ability to meet the demands of customers, who can always depend on iindfc- ^^g" 
ther Goods exactly as represented. 



HALL & BENJAMIN, 

Dhemical & Physical Apparatus 

For Colleges, Laboratories, Chemists, etc. 
Superior Workmanship and Moderate Prices. 

SPECIALTIES : 

say OntfitB for Wet and Dry Assajs : Assay Famacea, H. Troemner'B 
niplete series of Balances, Crucibles, Ctipels, Mufflex, Best (lerniiui Sc.nriii- 
k^ougsarall kinds, Finest Biilieiulan (ilnssware, and Berlin Porcelain 

e for Analyses, all styles uC Alcohol Lamps, and 

iBXJisrsEiisr's :BXJi=t-ic:E]:Fts, 



the latter we liave 

been different styles, 

r B. Burners give an 

yirely blue flame, and 




will not buni at the base 
when turned low. Bux- 
sen':5 Impkoved Blast 
Lajipa, 



PUNSEN'S IMPROVED GAS COMBUSTION FURNACES 




"With 10, 15, 20, and 25 Bumera, with extra lUja 
DiaEE'H Nickel -Plathd BLOwriPEa ; also PtATTNEB's and Bebzelid^ 
iOWPiPB Apparatl'9 of all kinds, either spparately or in seta f r issay 
«ra and Pi'ospeptora. EatinuitJ'a and ilhiNtrated cataloguei t rn shed n 
applieation. Apparatua of every description carefully repnired ni Imide 
"to order by eiperienced and skilled artizans. Heavy Copper Osvgon 
IBetorts, Water Baths, etc. 

kNo. 191 Greenwich Street, New Tork. 
HHXRY D. 1I.\I,[.. JOS. K. BE^"J.^MIM. M.D. 

* Send 12 cants postage for fine large illustrated catalogue. 



S. HAWKRIDGE, 



HOIBOKIEIlSr, Int. J". 
Manufacture the COLLEGE LA^^TERN. for which they have received the 
SCOTT LEGACY PREMIUM of the FRANKLIN INSTITUTE, and the 
SILVER MEDAL OF THE AMERI- 
CAN INSTITUTE. See also Report of 
Commiltce of Science and Arts of Frank- 
lin Itisikule, Vol. LXX. p. 301, 1875, 

The following letter is only a sped- 
men of nnmberless others of like sob- 
stance which have been received from 
such gentlemen as Dr. Chandleh, of Na* 
York, I'lof. Cros3, of Boston, Dr. Bar- 
ker, of Philadelphia. 

Department of PHVsrcs, 1 
Cornell University, t 
Ithaca, N. Y„ Feb. 11, 1875.) 
Gentlemen ; As to your College L«b- ' 
tern, aflerusingit/or'Mrarj'J'on, I shouW 
only reiterate in stronger terms what I 
wrote after the first brief trial. Optically, 
it is all one could ask ; mechanically, |[ 
is a tine piece of workmanship, and I 
have Dever Seen its eijual for the facililf 
and celerity with which the various li- 
juslments can be m.tde. II works eqwHj 
well as a vertical or horizontal lantern, 
except, of course, the necessary loss 01 
light front reflection, and the change ctD 
he made from one to the other, as I li.iw 
of a lecture, in less than half a minute. I rtaiiie 
id 1 ahvays refer them to you. 

WILLIAM A. ANTHONY. 

. and Polarizing Attachments, producing efl'ecis far surpassing any- 

lufaclured, ate also on hand. Also, altacbmenls for speclrura pT» 

jections, for difTraclion, Prof. Morton's Cliw- 

matrope, Eclipse Slide, Ac, &c. 

Also, manufaeture the VERTICAL 
the EXPERIMENTER'S an.l the PHO- 
TOGRAPHER'S LANTERNS, logette 
wilh MICROSCOPIC, POLARIZING, 
and various special attachments ; SPEC- 
I TROSCOPES of various forms. 

Iso, NON-RETREATING BUN- , 
SEN BURNERS, superior finish. 75 ««• 
each ; S6 per doien. COPPER WATER= 
BATHS, extrii he;ivv. 1. 14 indits diameter, S1.50 each ; $15 per dozen. PLAT- 
NER'S BLOWPIPES ANli Al'PARATUS of superior quality, Bickel plaltd, tf 
reduced rates. GLASS SLIDES AND PHILOSOPHICAL APPARATUS 
generally, aL low rates. 

niiUSTSATIlI) PBICi; lists SEITT oh APFLICAnoir. 




thing hef.; 
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JOSEPH E. REDMAN, 

852 THIRD AVE^'UE, COR. 52D STREET. 

INTETV YORK CITY. 

iROX a:n'd brick 

PORTABLE FURNACE LININGS, 

"W^ltii Oi-oito :Ba,2rs, 
As used in the School of Mmes, Columbia College. 

ASSAYERS' SUPPLIES, 

SPECIALTIES : 

Roasting Pans, 

Sand-Baths, 

Tongs, Pokers, 

Pincers, Shears, 

Mortars and Pestles, 
Anvns, Vises, 

Files of aU kinds. 

Sieves of all sizes, 

Wooden Mallets, 

Hammers and Dies, 

TOOLS OF EVERY DESCRIPTION. 

Sheet Iron, Copper, and Tin Articles 

MADE TO ORDER AT MODERATE PRICES. 

HARDAV^ARE OF ALIj KINDS. 



[ESTABLISHED 1816.] 



FRASSE & COMPANY, 

63 CHATHAM STREET, N. Y„ 

FIIE TOOLS mjm MES, 

Assnyers, •Teivelerg, Telegrapli autt Optical Instru- 
ment Stattuftcclurera, Machinists atitt IForJi- 
era in Metal of every ttescHption, 

Agents for the Assaying, Melting, Dental auil Enameli^^g 
Furnaces, Crucibles, Eutorts, Scorifiers, Roasting Dishes, ax^^ 
other goods manufiicf.nred by tlio Patent Plumbago Crucible (70i 
Battei'sea, Engltind. 




Fovgea, Anvils, IlLinimera, Visea, Turning Lathes, Slid^ 
Rests, Chucks and Twiat Drills in gi'eat variety. Nippers, Plyer^ 
Tweezers, Fire and Crucible Tongs, Screw Stocks, Taps aud Dics^ 
Slacliine and Wood Screws, Circular Saws, Saw Blades, Frames 
aud Machines, and Fancy Woods of all kinds for Scroll Sawing, 
Brass, German Silver, Copper, Iron and Steel Sheets, Bara and 
Rods„Eniery Cloth, Paper and Powders. 
cc I Stubs' Tools, Files, Steel Wihe, Bah and Sheet Steel. 



PLATINUM 

?IRE, SHEET, VESSELS, APPARATUS, &c. 

¥Oli AI,I, 

Manufacturing and Laboratory Purposes. 



I ■ H. M. RAYNOR. 

ITO. SB BOIC"ID STREET, ITB-VT" "^OR.HC. 



SCRAP, mm PLATiNnm, u., pdrchased. 



Batteries, Usrhtnlng-Hod PolntB, Gua DumorB, iy. 

Bollora for Add Works, ItPtoi-fa noil Stilb, Assnylnfr ApimmtiiB, DI«li(Mi, Cruulblea 
Capflulea, Triangles, SimtuhiH, IJJoH--PI]ie JcIb unri aiKHiiui, Twmsters iind Crucible 
ToiigB (with PluHnuTn Puints), Scrap Ciiltlii«a for Uoliitiiiii, &o. 

ntlDIUM AND PAJLLADIDM TO ORDBR. 






CRUCIBLES. Cost (approximate), according to weight. 



DISHES, Cost (approximate), according to weight. 
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WHITALL, TATTJl & CO, 



OP EVERY DBSORIPnON, FOR 

Chemists', Druggists' and Perfumers' Use. 



NEW REAGENT BOTTLES, LETTERED. 

■so notllos hav" tliL' rHEUiCAL Names nnd EgLiVALENTS lUatinctlr Biawn 
I QLASii, lliim riMililliiK till.' tliuiKcr nt tronfusfuD, unci tbo unidgbtly sppeu^ 
i( Piiper Lubelod Bottles. By a new pro- 
: euitPACE of the raised 
have atiLl furtlier Improved tie 
tH. UK n b n UK the nilvantiures uf the hlona 
and b agra ct otiorin? at on oxpcTue far 
be w tb coat of the old atj-le of sngiuved 




le from e 









1 dropping Jiih aad per- 
rloK' w bi'lii^ve them to be superior 
mpo «d h ttloB in j^nerol use- 
a n bemlBtB and the leadioK Unli-eraftto 
n re approval of the Letterod BBUgmt 
d w have reoelved large urdora for 
Laboratories, etc., iu Uiis oountr<r and 



V ha m liia for Reafroat Bottlea of stylo 
b wi by OB., JjPint, B OK.,}iPint,iuia 

Pib Eixis 
Pri 03 and it f namea Q3ed on both nairov 
nd w m u bed bottioa, furnished on applioit' 









iLGh n 
meal 



ry description. Beakers, BoWrUi 
ara, for prosorviQB apeeimem. 
ta modcia or deal^na. 



e et Uoe Cb mlsta W d 

WHITALL, TATUM & CO., 
46 & 48 BARCLAY ST., NEW YORK. 410 RACE ST., PHIUOELPHIA, 



LEHN & FINK, 



AND IMPORTERS, 

No. 160 "William Street, 

NEW YORK. 



"We call the attention of the profession to our large and 
aaplete stock of strictly piire CHEiyCICAXiS, ACIDS, 
BTALS, MINERALS, etc., etc., constantly inip.,rtud 
Irect front tho most reliable eources in Europe, in suit- 
Uo Original Packages to meet the wants of IiABORA- 
pRIES, ]y[ANUFACTim£RS,COI.I£GES and CHEM- 
TS in general. 

RARE AND NEW ARTICLES A SPECIALTY. 

Quantity SuppUes for INSTITUTIONS, SCHOOLS, 

, imported to order at special rates. 
Ail orders will he executed with utmost care and prompt- 
I at lowest Market Fricea. 



LEHIST 



r. O. Box 3114, y. Y* 
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Y>>' INCORPORATED 1826, ^\J 



MANUFACTURERS OF 



PURE WHITE LEAD 



DRY AND IN OIL. 



LITHARGE 



For Assaying Purposes, 

Potters' Use, and India 
Rubber Manufacturers. 



Business OfB.ce, 89 Maiden Lane, 



New Yoek 



CHEMICAL LABELS 



NEW SYSTEM. 

A. set of TLecLrly Jive KzLTccLred. laJbeZs in tKe. 
ew system., jjrtrLte.d, otl good, pctper, ^w^li &e 
ben.^ liy rrhcbti, on. rec&ipt of Fifty Cents. 
^dd-T-ess, C. F. CHANDLER, 

School of Minea. Cohimbia College, 

50th St.. Cor. 4th Ave., J\'erv Torh. 

FERROUS SULPHATE 

FeSO. 

LITHARGE 

Pl.O 

BORAX 

2NaBO,.B,O,+10H,O 

BLACK FLUX ™" 

3Floiir+10Nn,CO, 

SALT 

NaCI. 



I Assay J uinaces, 

MUFFLES, 
Sr.TDKS ami. FIKB BRICK, 

CUT BEIOBTS, 

EvOTAng; m the Fire Oay 

£. EEEECEER & SONS, 

Foot of East Houston Streel 
NEW YOKK. 
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J. GOEBEL & CO, 



139 MAIDEN LANE. NEAV^ YORK, 



tUFOBTERS AKD UA27I7TACTUREIIS OF 



HESSIAN SAND CRUCIBLES 



GALLIPOTS, CLAY PIPES AND GERMAN CLAY. 



(Extra, Selected from their own Mines.) 



BRANCH OP 

HEINRICH GOEBEL SOEHNE, 

Manufacturers and Miners, 

GROSSALLMERODE, 

Germany. 



N. B. — The Sand Crucibles are selected expressly for the 
American Market, and guaranteed to be the very best im- 
ported. 



TESTIMONIAL : 

These Crucibles have been used in the Assay Laboratory 
of the School of Mines for ten years, and have given entire 
satisfaction. 

C. F. CHANDLER, 

* Professor of Analytical and Applied Chemistry^ 
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ft Jnsecli Dili Cridi Co. 



ORESTES CLEVELAND, Pres., 

GRAPHITE. 

Bpeclal grsdoH for electrolyplnE, pollBhlng gntiehol, glnxInR gnnpowder. coulng ornm 
•HdeBandplBiioacHnns; MVfral Eranegfor Hluvc-polish makora.Oni^ aiiii ordluary; tor InSia- 
rnlibermanaftctDiera; rorlubrlcailng ODmpMiiKis ; aapetlBl Etrade fur Riders use : for fpltrbai 
mBkera : fur refmrtniy wiuhei siid compoiindB ; for penctln ; for cmcililHi ; tot \i»\nt : for 
elnaa niskrrs ; for tho liollomB of yachiB and raelni; boaie, mid for many Mlicr nf ce, nra kept 

..,,,^^^^^,.—„... 

1b Dttll annlher namij tor the (Bme artlf le. Wc ore the nriEJiiatorf of tliln litaneh nt Industry, 

pnrpo^e, than any ottior botiKe. Du not lieillaie tn write tu at far lutucnintluu. Wu wuru the 
first In tliB wnrld la|>repar>! Gmpiilto epudall; for Labricaliiig. 

CRUCIBLES. 

In 1837, Ihf Intp Mr. Jowpli Diroi) Niarlcd tho man u (net -ire of tHR tclobtntpd " DiTon'e 
Bhick Lead Clnii^ihlci," and mod drnre the foreign ank'tu out of Ihu American market, and for 
more Ihnu bU jetn tlieau Omrlblea have been refpeeted a» tlie ataiidnrd fur noahtv. In l%t 
Itae expurt trade be^nn, and tbey are now the recoEnived PtftDdan 
"'■unbaEo or_GniphltoJBla;k I ■ " 



BavarloS, an.- made by ihc lUxo 



I 



ta in melilnK hrai 






H. and It ivae In fair caodllion ; 



PENCILS. 



Theeo pencils are ai 
perfectly iraded, Th* I 
the Eofrcr and medium g 



STOVE POLISH. 

Dry Grapliite fur Lubrioillon, (irapliUc fur Hlonliig L'jliiiiltn', Groplillt GrcBfc, 

WRITE FOR INFORMATION.' 



